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Abstract 
The thesis aims to analyse the behavior and efficiency of China's tradable securities 
markets with a specific focus on the government debt and listed equity markets. The 
thesis discusses the increasingly important role of debt and equity markets in the 
allocation of capital within the Chinese econo1ny and analyses the develop1nent of these 
1narkets within the context of broader financial reforms. The analysis of these markets is 
put into the context of a discussion of the link between financial 1narket and econo1nic 
development, issues of globalisation and seg1nentation of the Chinese econo1ny with 
world 1narkets, and ramifications of financial 1narket perfonnance on China's 1nove 
towards capital account convertibility. Muitiple time series of individual securities data 
for both debt and equity markets are used to test core ele1nents of 1narket efficiency, price 
discovery, and global integration. A yield curve for the secondary govermnent bond 
1narket traded in Shanghai is constructed. A discussion of the term structure of interest 
rates sets the stage for an e1npirical study testing the expectations hypothesis in China's 
government bond 1narket. The thesis employs cointegration and vector error correction 
1nodeling to test the weak form of the efficient market hypothesis in both government 
debt and equity markets and to test these markets for global integration. Finally, the thesis 
offers a series of possible policy innovations to improve the efficiency and effectiveness 
of China's debt and equity markets. 
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1 Issues 
'Over these two decades [ 1978-1998], China has emerged as the most dynamic large 
player in the world economy'. Ross Gamaut (1999:9) 
As China has taken its place as a significant player in the global economy, academic and 
policy circles have focused on understanding the process of China's economic 
development. Increasingly, analysis of the Chinese economy has extended to focus on the 
solvency and reform of the financial sector. Until recently, most of China's financial 
intermediation has taken place in the banking sector, so most financial market analysis 
has centered on an evaluation of this sector. The thesis extends the work on China's 
economy to an area of the financial sector that has not yet been the subject of 
comprehensive research: the tradable securities 1narkets. The analysis examines the 
Chinese equity and government debt markets. 
These markets will eventually provide major avenues for capital allocation which will 
affect China's macro economic performance. In the near term, new debt and equity issues 
are likely to be key means for recapitalising the state-owned sector of the Chinese 
econo1ny, for sourcing capital for new private co1npanies, and for financing the 
government's growing fiscal deficit. For these reasons, a detailed empirical study of these 
markets is of importance. 
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The thesis aims to enhance understanding of the level of development, behaviour and 
efficiency of these markets through empirical examination of their secondary market 
trading activity both domestically and globally. The thesis will examine price behaviour 
and relationships between different securities in the domestic market to understand better 
the efficiency of such markets. Analysis of price discovery and transmission relationships 
between domestic Chinese and global securities markets will then be used to understand 
better the level of integration and segmentation between domestic Chinese markets and 
the global capital markets. 
Through evaluation of market efficiency, the thesis attempts to provide a broader 
assessment of the development of China's financial markets and fill a large gap in the 
literature on the Chinese economy. The thesis will relate analysis of these markets to two 
major streams of research on the Chinese economy: first, the role of financial markets as 
they relate to China's economic growth, development, and stability; and second, and 
more specifically, the importance of sound financial markets as they relate to China's 
progress towards greater internationalisation of the economy. 
The analysis that follows has relevance for policy directed at improving the efficiency of 
Chinese tradable securities markets. It provides a benchmark study on the level of 
development of these markets that can be used in later studies on the relationship between 
financial market development and growth in China. The findings are also germane to 
assessing the Chinese discussion of capital account convertibility. 
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This chapter first reviews the literature on the importance of the financial sector in 
economic development. Second, the importance of tradable securities markets within the 
financial sector is assessed. Third, the role of securities markets in the internationalisation 
of the Chinese economy is discussed. Finally, a brief outline of the thesis is presented. 
The Financial Sector and Economic Performance 
One motivation for a comprehensive empirical study of China's securities markets is to 
build a more complete understanding of China's financial sector given its important role 
in overall economic performance. This section will discuss the general link between the 
financial sector and economic performance and illustrate the role of securities markets in 
this link. 
The growing body of literature exploring this link between financial development and 
growth goes as far back as the work by Bagehot ( 1873) and later by Hicks ( 1969), who 
discussed the role of financial develop1nent in driving England's industrialisation. An oft-
cited piece of research by Schumpeter (1912) argues that properly functioning banks drive 
technical innovation and thus promote growth by identifying and funding cutting-edge 
entrepreneurs. Goldsmith (1969) is often credited with first documenting the link between 
financial and economic development. 
More recently, numerous empirical studies have explored this link thoroughly. A study by 
Levine ( 1997 :688), which reviews the past 100 years of literature on this topic, observes 
that 'the preponderance of theoretical reasoning and empirical evidence suggest a 
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positive, first-order relationship between financial development and economic growth'. 
Summarising the empirical evidence, Levine ( 1997 :715) highlights the role of 
information asymmetry and signaling - a central issue in the debate over the impact of 
financial development in economic growth. 
In sum, when outsiders find it expensive to evaluate and fund particular firms, 
those firms find it relatively difficult to raise capital for investment and rely 
disproportionately on internal sources of finance. Thus financial innovations or 
policies that lower information asymmetries ease firm financing constraints on 
more efficient firms. 
The role of financial intermediation is to self-select the most efficient firms and thus 
maximise an economy's growth potential. These issues of information asymmetry are 
closely linked to the issues of securitisation and asset markets. Securitising assets and the 
secondary market trading of these assets provides price signaling by investors to the 
market. Further, underwriting and rating agency evaluations in the listing process signal 
the market and reduce information asymmetry. The thesis will examine secondary asset 
price behaviour in China and from there will draw conclusions about price signaling and 
market efficiency. 
In general work, Rajan and Zingales (1998) provide analysis of another key mechanism 
by which financial development drives economic growth. Using industry-level data, their 
cross-country econometric work finds that financial development provides firms with 
lower capital costs and this in turn promotes economic growth. Putting this work in the 
context of a developing market, Tanzi (1992) details developments in Central and Eastern 
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Europe. He finds that reform of financial markets and institutions is necessary for fiscal 
and monetary stability and development. 
Jaramillo and Schiantarelli (1996) provide an important extension of this literature to a 
more specific and micro level in emerging markets - examining the effect of liability 
maturity profiles facilitated by financial reform on general economic performance. 
Jaramillo and Schiantarelli ( 1996) provide empirical support for the common belief in the 
world of corporate finance that a well-balanced maturity profile made up of short- and 
long-term debt is beneficial for a given firm, thus strengthening the argument for the asset 
securitisation process. Ecuador was chosen for their empirical work due to the 
government's periodic intervention in the credit markets, which affected firms' access to 
long-term debt, and the unequal distribution of companies with such access. Their probit 
and logit econometric analysis reveals a strong positive correlation between asset maturity 
and debt maturity. Most importantly, their research suggests that a shorter debt maturity 
profile is 'not conducive to great productivity' and that 'there is some evidence that long 
term debt may actually lead to productivity improvement'. This implies that the 
development of markets that support debt issuance across a range of maturities has 
positive productivity effects. 
This literature provides useful empirical support for the theoretical arguments concerning 
maturity profiles put forward by Myers (1977) , Kale and Noe (1990) and Diamond 
(1991). Other work has been carried out by Merton (1991) , who emphasises the necessity 
for well functioning capital markets - especially in debt securities - to facilitate the 
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rational distribution of capital necessary for broader economic development. The 
importance of access to long-term corporate debt provides an additional motivation for 
empirical study of China's government treasury markets given that the existence of 
benchmark government yields is a pre-requisite of the issuance of long-term corporate 
debt. 1 
In addition to debt markets, well functioning equity markets are a critical element in 
supporting economic growth, as outlined by Levine and Zervos ( 1998). Econometric 
work by Levine and Zervos (1998) suggests that both improved stock market liquidity 
and banking development drive positive economic growth, capital accumulation and 
productivity improvements.2 These findings expand upon earlier conclusions by King and 
Levine (1993a) that financial intermediation is a useful and robust predictor of long-run 
rates of economic growth, capital accumulation and productivity improvements. Using an 
endogenous growth model, King and Levine (1993b:513) conclude that 'better financial 
systems improve the probability of successful innovation and thereby accelerate 
economic growth' and that 'financial sector distortions reduce the rate of economic 
growth by reducing the rate of innovation'. 
Finally, addressing the concern that cross-country studies which look for links between 
financial development and growth are subject to changes in the conditioning information 
1 This is well understood in global high-yield markets. Recognition of this fact was seen in the Indonesian 
government's issue of a 10-year global bond in 1997 as a means to provide such a benchmark for future 
corporate issue. This policy objective was openly discussed in a 1998 private meeting I had with the then 
president of the central bank, Dr Soedradjad Djiwandono. 
2 For a counter view on the effects of stock market liquidity see Shleifer and Yishny (1997). 
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set, Levine and Renelt (1992) test these studies while making changes to the information 
set. Their results add robustness to the positive link between financial development and 
growth with the finding of a positive correlation between growth and investment as a per 
centage of GDP. 
Empirical evaluation of the Chinese securities markets will help build a more complete 
understanding of the level of development of China's financial market. Helping build a 
benchmark assessment of China's financial market can allow research that examines the 
link between economic and financial market development to extend their analysis to 
China. 
Tradable Securities Markets 
Securities markets are an important component of financial development, which in tum is 
an important determinant of economic performance. Securities markets are crucial for the 
implementation of fiscal and monetary policy, the transformation of corporate 
governance, and capital raising efforts. Specifically in China, the need to raise equity 
capital for the recapitalisation of China's state-owned firms and the need to redirect fund 
raising activities from a state-centred to a market-driven approach demands a properly 
functioning securities market. China's growing fiscal deficit will demand an active and 
efficient government debt market for fiscal fund raising. The treasury market lies at the 
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heart of both fiscal and monetary policy by providing a means to finance government 
expenditures and implement monetary policy through open market operations.3 
While Huang and Song (2000) have explored China's financial sector through analysis of 
the banking sector, little empirical work has been done on other aspects of the financial _ 
system, most notably the tradable securities markets. In general, tradable securities 
markets have become increasingly important components of the country's financial 
sector. 
Globally, tradable securities markets have grown dramatically in the past decade. From 
1988 to 1997 the market capitalisation in industrial and developing countries grew from 
US$9.7 trillion to US$24 trillion and from US$0.5 trillion to US$2.3 trillion, 
respectively. This global development has also been evident in China where growth in 
securities markets has occurred in conjunction with a move away from a centrally planned 
economy towards market driven allocation of capital. In China, stock market 
capitalisation has gone from zero in 1988 to over US$206 billion by the end of 1997. The 
total market capitalisation in 2000 exceeds US$350 billion yuan, representing over 30 per 
cent of GDP. In comparison, the ratio of total market capitalisation of the G-10 countries 
to GDP is in excess of 100 per cent.4 China's total amount of outstanding bonds has 
experienced similar growth, growing from zero in 1977 to 9 .9 per cent of GDP in 1998 to 
3 Obviously, activity in the treasury market or in the adjustment of the cash rate is not the only monetary 
tool available. See Gibson (1997) for a discussion on the role of bank lending as a transmission mechanism 
for monetary policy. 
4 Stock market capitalisation figures taken from Hale (1999a) and Neoh (2000). 
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15 per cent in 2000. The ratio of total outstanding bonds to GDP is expected to reach 19 
per cent, or 1.65 trillion yuan, by the end of 2001.5 
China's ability to improve the efficiency of its domestic financial markets will in part 
depend on its ability to develop efficient tradable securities markets. In China, the breadth 
and depth of the stock market is a key component of financial market development as it 
facilitates market-driven allocation of capital in a system where previously the 
distribution of capital was centralised and planned. 
The importance of the development of such markets can be observed in countries such as 
the United States. Kendall (1996) examines US experiences since the late 1930s and 
shows how the securitisation of financial assets revolutionises a country's means of 
allocating capital and the operations of the economy on the whole. In Asia, the 
securitisation process and development of tradable asset markets has lagged significantly 
behind the United States and other Western European economies.6 More recently, the 
massive accumulation of non-performing loans has motivated the securitisation process. 
The benefit of creating tradable securities for the financial sector is outlined in Tables 1.1 
and 1.2. These tables detail the different financial characteristics of non-tradable illiquid 
loans and tradable securities and provide a list of the advantages to consumers, 
5 Bond data and estimates are from JP Morgan Fixed Income Strategy (2001). 
6 Securitisation, as defined by Citicorp Chairman John Reed, is the substitution of more efficient public 
capital markets for less efficient, higher cost, financial intermediaries in the funding of debt instruments 
Kendall (1996:2). 
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Table 1.1: Differences Between Loans And Securitised Assets 
Financial Characteristics of Loans Financial Characteristics of Securities 
Illiquid Liquid/tradable 
Collateral valuation subjective and periodic Market detennines value - in some cases 
very frequently 
Originator assesses risk Third parties - rating agencies and 
enhancers - assess risk 
Originators' operating cost high Originators' operating costs low 
Investor market local Investor market national/global 
Limited terms and rates offered to Range of terms and rates offered to 
borrowers borrowers 
Source: Kendall (1996:5). 
Table 1.2: Benefits of Securitisation 7 
Benefits to Consumers and Borrowers 
1. Lower cost of funds 
2. Increased options of credit 
3. Competitive rates and terms - locally and nationally 
4. Consistent availability of funds 
Benefits to Originators 
1. Ability to sell assets readily 
2. Profits on sales of assets 
3. Increased servicing income 
4. More efficient use of capital 
Benefits to Investors 
1. High yields on rated securities 
2. Better liquidity 
3. Enhanced diversification 
4. Potential trading profits 
Benefits to Investment Bankers 
1. New product lines 
2. Continuous flow of originations and fees 
3. Trading volume and profits 
4. Potential for innovation and market expansion 
Source: Kendall (1996:13). 
7 Traditionally, securitisation refers to a sub-set of securities markets, namely the issuance of tradable fixed 
income assets for restructured illiquid loans. The benefits of this process have been well documented in the 
United States as outlined in this table. In China's case, however, the securitisation process encompasses 
more than fixed income securities because China's financial markets are transforming illiquid (and often 
non-performing) debt into both fixed income and equity related products. 
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originators, investors and bankers. In China's case the issuance of equity and government 
debt to replace prior loan arrangements between the government and corporate sector 
could have similar benefits that would apply to both domestic and international agents. 
The frequent price adjustments of tradable securities provide an essential service in the 
Chinese market to facilitate a better allocation of capital and pricing of risk. While loans 
do not frequently adjust to changes in market conditions or creditor quality, openly traded 
securities re-price immediately and thus provide important signals to investors and 
corporate entities. The role of these prices in assessing corporate performance is crucial to 
the reform of corporate governance and corporate decision-making. One factor behind the 
cumulative mispricing of risk is the lack of frequent trading which provides a means for 
market actors to adjust prices as conditions change. Although asset bubbles do occur in 
tradable markets, tradable markets do eliminate a key liquidity factor that can create asset 
price bubbles, which in tum can lead to system shocks, and vicious cycles of no 
confidence are minimised. 
The behaviour of the tradable securities markets - in addition to a study of banking and 
state-owned enterprises - is an important component of the study of financial markets 
since it relates directly to the ability of institutions to allocate capital efficiently. As 
discussed in the next section, the opening of the capital accounts will force tradable 
markets to co1ne under increased strain as global investors have the ability to move funds 
in and out of an open market. Thus their efficiency and behaviour is of paramount 
i1nportance. As China looks to inject fresh capital into its corporate sector to fund new 
1 1 
corporate growth as well as to recapitulate non-performing loans, the dynamics of the 
securitisation process will become increasingly important. 
Financial Market Development and Globalisation 
In addition to general links between financial market development and economic growt~, 
the development of sound financial markets in China relates to a specific and important 
policy issue. A key question highlighted by the Asian financial crisis is: 'how and when 
China should open its capital account?' While it remained insulated from the Asian crisis 
partly because of a closed capital account, China has committed to a path of currency 
convertibility but still lacks the preconditions for an open capital account (Song, 1998 and 
1999). 8 One prerequisite is the development of sound financial markets. 
The economic literature on the sequencing of reforms prior to the opening of capital 
accounts discusses these pre-requisites extensively. McKinnon (1982), and subsequently 
economists such as Frankel (1983) and Edwards (1984), identified a stable 
macroeconomic environment as a necessary although insufficient condition for the 
success of capital account liberalisation. A stable macroeconomic environment is 
primarily defined by low inflation and stable fiscal accounts. Unless inflation and budget 
deficits are under control, an open capital account is likely to lead to overexposure to 
foreign currency denominated debt and increased inflationary pressures. 
8 Huang and Song (2000) also observe that 'healthy macroeconomic conditions' helped insulate China from 
the Asian financial crisis. 
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Once an economy has established macroeconomic stability, sequencing theory argues for 
liberalisation of the trade sector. This involves lowering import barriers and establishing 
currency convertibility for trade-related transactions. Frankel (1983) outlines the major 
reasons for undertaking trade liberalisation prior to capital account liberalisation. Given 
that an economy is moving from a highly repressed markets and given that asset prices 
adjust more rapidly than goods prices, trade liberalisation prior to capital market 
liberalisation gives the government 1nore time to react to market changes. Furthermore, 
since goods markets react slowly, after liberalising the trade accounts initial transactions 
will be small relative to total trade and the effect of remaining distortions will be small. 
Yet, because capital accounts react quickly, initial transactions will be large and thus any 
remaining distortions will have a significantly greater impact on the economy. 
The 1980s sequencing literature concludes that after macroeconomic stability has been 
achieved and trade liberalisation completed the capital account could be liberalised. The 
literature in the 1990s extends the list of prerequisites to include the need for domestic 
financial sector stability. A healthy domestic financial market greatly assists in the 
efficient allocation of capital and thus helps ensure that new capital inflows do not 
amplify capital market distortions. With specific regard to the banking sector, McKinnon 
and Pill ( 1997) argue that economies with open capital accounts and moral hazard 
problems derived from incomplete bank regulation and supervision will experience over-
lending and a decline in savings due to consumption booms driven by expectations of 
future profits. Unless such an economy is able to attain extraordinary future pay-offs, 
widespread defaults will ensue, and these defaults are likely to cause systemic banking 
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crisis. Foy and Maddison (1999) note the link between China's underdeveloped financial 
markets and subsequent macroeconomic imbalances due to the inefficient allocation of 
savings: 
Linked to the problem of inefficiency in state enterprises is the need to reform the 
banking and financial system. During the early stages of opening up the economy, 
the Chinese monetary authorities were unable to control the financial system's 
development. This contributed to inflationary pressures and inefficient allocation 
of savings. 
The extension of sequencing theory to include properly functioning financial markets is 
applied to the Chinese context by Huang and Song (2000), who articulate the need for 
China to reform the banking system. Song ( 1999) and Huang and Song (2000) argue that 
a well functioning domestic financial sector is an important pre-requisite for capital 
account convertibility, specifically in regard to China.9 Thus, a full assessment of the 
behaviour of the Chinese financial sector is crucial to decisions about capital account 
convertibility. 
A functional study of tradable securities markets in China can shed additional light on the 
large body of literature that explores capital account reform and, more specifically, 
whether officially closed capital accounts are in fact closed or, as many researchers 
suggest, porous. 10 De Brouwer (2000:42) says that much of the literature determining 
levels of integration examines 
9 Huang and Song (2000) outline the following pre-requisites for China: 'resolving the existing financial 
burdens, instituting new ownership arrangements, introducing private/foreign competition and strengthening 
supervision of enterprises and banks'. 
1
° For an excellent history of the development and removal of capital controls in Western European 
countries and the United States, see Duffey and Giddy (1994). 
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... legal restrictions on the capital account, changes in capital flows, interest rate 
parity conditions, saving-investment correlations, inter-country consumption 
correlations and a range of other tests which seek to identify changes in real 
variables or structural economic relationships which are explicable in terms of 
financial integration. 
Key studies in this field are Obstfeld (1994), Goldstein and Mussa (1993). Many 
researchers - such as Glick and Moreno (1994) - focus on interest rate parity 
conditions to explore issues of international integration while others, such as the IMF 
(1998a), identify errors and omissions on the balance of payments as a possible proxy for 
illegal capital flows. In this latter case, large and unexplained errors and omissions imply 
large capital flows that circumvent official channels and thus show up as an accounting 
residual in this line item. While these different techniques vary in accuracy, they all 
consistently look at 1nacro level data, often in aggregated form. The thesis proposes to 
build on this literature and address the same question of capital account integration, 
'porousness' and market segmentation. It will do so from a different angle, through the 
empirical analysis of relationships between individual securities with similar underlying 
cash flows and credits simultaneously traded on the domestic Chinese and global markets. 
This analysis follows the extensive finance literature on market segmentation. 
Since China has several parallel securities markets, there is an opportunity rarely present 
in other countries to explore price transmission relationships between parallel domestic 
and global markets. Identification of significant 'uni-directional' or 'bi-directional' price 
relationships implies that information flows are penetrating these divided markets. These 
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relationships also reveal information about market efficiency through an examination of 
the process by which markets achieve price equilibrium. Significant long-term uni-
directional price transmission effects from global to domestic debt or equity markets will 
indicate that price movement and discovery, as well as market behaviour that occurs 
outside China, in fact influence the domestic Chinese market. This would clearly imply 
that the capital account is not completely separated from the rest of the world. Many 
market observers believe that China is not susceptible to the financial problems of the rest 
of the world after it avoided major contagion from the 1997 East Asian crisis because of 
its insulation from international capital markets. If there are significant long-term price 
effects, this sense of security could prove misplaced or transitory and require re-thinking 
of policy strategies. Empirical work will specifically examine periods of significant 
global market turmoil to see if international market volatility affected the Chinese 
markets. The periods of the East Asian financial crisis and of the Russian debt crisis are 
the object of specific study. 
Thesis Outline 
Despite the growing importance of tradable securities markets as investment avenues for 
individuals and institutions and fundraising avenues for firms in China, very little 
research has been conducted on the behaviour of these markets. The research that has 
been conducted tends to use aggregate data. There is no empirical work exploring the 
do1nestic behaviour of China's secondary government bond markets or possible links 
between these markets and global markets. The thesis examines these specific areas of 
China's financial markets and evaluates their performance. The results are directed 
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towards answering the broader questions of whether China is ready for current account 
liberalisation. The study also uncovers yet undiscovered financial market links between 
China's domestic market and international markets (despite a closed capital account) 
through an investigation of asset price cointegration and price transmission relationships. 
Chapter 2, outlines the way the financial and economic literature assists in formulating 
the methodological approach to analyse the behaviour of tradable securities markets. The 
financial and econometric literature has developed methods to assess the behaviour of 
secondary government bond markets in developed markets. The thesis aims to extend this 
work by applying it to a developing market, China. This requires the collection of a new 
data set and the application of finance techniques to price Chinese government debt 
accurately. The thesis uses cointegration techniques developed by Johansen (1988) to 
look for a relationship between various securities. The thesis aims to ascertain whether 
Chinese government bonds trade in secondary markets with a common underlying 
relationship - as is characteristic of developed secondary markets - or whether there is 
no relationship. These cointegration tests then form the basis for constructing error 
correction models to test for specific short-term and long-term price transmission 
relationships between various domestic and international securities. This chapter will 
discuss the expectations hypothesis on the term structure of interest rates. Chapter 5 will 
then test whether or not this holds for Chinese government bonds. This chapter will also 
discuss the efficient market hypothesis. 
Chapter 6 will then test whether this hypothesis holds for Chinese equities. Similar tests 
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of global and domestic market integration are applied to equity markets to test for 
segmentation and international price transmission between markets. 
By applying recent cointegration and error correction modelling techniques to China's 
debt and equity markets the thesis aims to 
( 1) provide a functional understanding of the Chinese securities markets in terms of 
issuance and trading behaviour; 
(2) assess components of market efficiency; 
(3) determine whether the Chinese market is integrated or segmented from global 
markets; and 
( 4) outline possible policy innovations that could enhance the efficiency of the Chinese 
market. 
To meet the third of these objectives it is necessary to answer the following questions: 
(1) Do China's domestic debt and equity markets behave in a satellite-dominant 
relationship 11 with global Chinese securities markets traded by foreign investors? 
(2) Are there long-term price transmission relationships between domestic and foreign 
markets? 
(3) Is there a cointegrating relationship between Chinese equities or debt traded on 
domestic and international markets that can help answer questions of market 
segmentation? 
11 A satellite-dominant relationship exists when there are term uni-directional price transmission 
relationships from the dominant to the satellite market. This implies that price discovery is occurring in the 
dominant market and being transmitted to the satellite market. 
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To understand China's tradable securities markets within the broader context of China's 
financial market developments it is necessary to outline the key financial market 
developments in China since liberalisation of the economy began in 1978. The People's 
Republic of China has dramatically reformed its economic system by creating market 
based pricing mechanisms and institutions. While it took 20 years to build the basic 
infrastructure for a commercially driven banking system, Chinese policymakers have only 
recently begun developing the private capital securities markets to complement 
developments in the banking and real sectors of the economy. Although the development 
of securities markets and the securitisation process in China has yet to pervade the entire 
economy, progress has been made in the government and corporate sectors. The limits to 
this process so far can largely be attributed to the residual state-controlled system in 
government regulated banking and corporate institutions. 
Chapter 3 provides an overview of the Chinese financial sector and a brief history of 
reforms over the last 20 years. An overview of China's financial deepening, the transition 
from planned to market allocation of capital, and a review of key banking and financial 
institutional reforms provides a broader context for understanding the role of securities 
markets in China's financial sector. Special attention is paid to the various state and non-
state banks, the central bank, foreign exchange markets and the inter-bank market. 
Chapter 4 provides a discussion of debt markets. The chapter first outlines the role of debt 
markets in China's fiscal accounts. This is followed by a regulatory and structural outline 
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of how these markets place, trade and price government debt. Finally, the chapter uses 
secondary bond market data collected from the Shanghai Securities Exchange to price this 
debt accurately and to build a yield curve for the government treasury market. This yield 
curve estimation provides the benchmark yields for later empirical analysis in Chapter 5. 
There has been no significant earlier empirical research on the Chinese government bond 
market, despite its growing importance as a fiscal and monetary tool. Along with Chapter 
4, Chapter 5 helps fill this gap in Chinese economic studies. Chapter 5 assesses the 
behaviour of Chinese debt markets using several time-series econometric tests. This 
section outlines the motivation for unit root testing, cointegration tests, and error 
correction models and then applies each of these tests to the benchmark yield curves 
constructed in Chapter 4 to explore efficiency and segmentation issues. The chapter 
applies the theoretical and empirical work in the literature on the term structure of interest 
rates in developed countries to an emerging market economy. Vector error correction 
modelling analyses the relationships between bonds of varying maturities. The chapter 
finds that domestic and global Chinese bond markets behave differently and are highly 
segmented from each other. 
Chapter 6 outlines the Chinese equity markets. In parallel with the empirical analysis in 
Chapter 5, this chapter looks at global segmentation and price discovery for equities. This 
chapter will also test whether the efficient market hypothesis outlined in Chapter 2 holds 
for China. The thesis assesses China's progress in developing these markets and then 
empirically studies several of the most developed segments of China's financial markets 
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- domestically traded equities known as A shares and internationally traded Chinese 
stocks in Hong Kong known as H shares. 12 Using daily price data on dual-listed ( on the 
Mainland and Hong Kong markets) Chinese stocks, tests similar to those run in Chapter 5 
are applied. Information on a unique unidirectional price transmission process from Hong 
Kong to mainland China is also disclosed. This empirical work represents the first 
research on Chinese equity market segmentation between Hong Kong and mainland 
Chinese traded stocks using daily individual company price data. 
Chapter 7 summarises the empirical and descriptive analysis provided in the preceding 
chapters. The nature of price discovery and the extent of segmentation are discussed and 
possible areas where markets fails to act efficiently as defined by the Efficient Market 
Hypothesis are identified. This chapter also outlines policy suggestions for improving the 
efficiency of China's debt and equity markets. 
12 A shares are equities listed on the domestic Chinese market and ownership is restricted to Chinese 
citizens. H shares are equities of Chinese companies but are listed on the Hong Kong market and are open 
to non-mainland Chinese investors. Global bonds - sometimes referred to in colloquial terms as Euro 
bonds - are Chinese sovereign bonds listed on international markets. These are actively traded in New 
York, London, and Hong Kong. 
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2 Approach and Analysis 
As Merton ( 1991) observes, there are numerous approaches to the study of financial 
markets, ranging from institutional to functional studies. The former involve 
understanding the characteristics and operational environment of markets. The latter 
involve investigation of specific markets or securities and their behaviour, where key 
elements of market behaviour are trading and price behaviour. While both are 
important, in general this thesis follows the latter methodological approach 
recommended by Merton (1991 :263). 
The basic functions of a financial system are essentially the same 
in all economies - past and present, East and West. However, for 
reasons involving differences in size, complexity and available 
technology, as well as differences in political, cultural, and 
historical backgrounds, the institutional mechanisms by which 
these functions are performed vary considerably among economies. 
Therefore, a functional approach to analyzing the financial system 
and its economic performance may provide a more useful 
organizing perspective than an institutional approach, especially in 
an environment of rapid technological change and movement 
toward increasingly global connection among financial markets. 
The thesis makes use of the 1nethodologies and applied technologies in the finance, 
econo1nics and econometric literature to measure the behaviour of specific securities 
and securities markets in the Chinese context. The two primary functions of secondary 
markets are to provide liquidity - thus allowing different market participants to trade 
assets with one another - and to provide price signals to market participants to make 
their investment choices. The analysis that follows focuses its empirical testing on one 
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of the most important signals present in these markets - daily securities prices. To 
date, most of the research on Chinese securities markets has used aggregated data 
because these data are relatively easy to collect. Since aggregation can disguise 
important price behaviour, this study avoids aggregated and index data whenever 
possible. To facilitate the empirical study, numerous daily time-series data sets have 
been compiled on both debt and equity instruments. Equity price data are available 
from Datastream International, but secondary debt price data required on-site 
collection in China through various exchanges and financial institutions. 
The finance, economics and econometrics literature directs us along several crucial 
methodological paths in our effort to understand the dynamics of tradable securities 
markets in China. One concerns how current research analyses the internal behaviour 
of securities markets. Another traces the way the literature analyses the integration of 
the market globally. Both are subjects of interest in the thesis. 
On the subject of the internal behaviour of China's tradable securities markets, the 
thesis focuses on government debt markets. Globally, these markets have been 
extensively studied, and a long line of literature has developed on how to test their 
behaviour to learn more about levels of efficiency. The next section reviews the major 
yield curve theories and rate estimation methods and then describes modelling 
techniques developed in the finance field that are useful for analysing and testing the 
behaviour of Chinese bond markets. 
On the question of global market integration, the thesis looks at the Chinese debt 
market and part of the Chinese equity market. This chapter sets out the literature on 
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global price discovery and market segmentation issues and describes how this 
research can be applied to empirical study of these Chinese markets. 
Yield Curve Analysis 
The government securities market lies at the heart of both fiscal and monetary policy, 
providing the means whereby governments finance expenditures and implement 
monetary policy through open market operations. 1 Given the government treasury 
market's critical role in economic performance, a large body of research has explored 
in detail the underlying process of the secondary treasury market and the term 
structure of interest rates in the United States, the world's most developed treasury 
market both in terms of total issuance and 1narket sophistication. A key theoretical 
foundation for these studies is the expectations hypothesis. The empirical work will 
apply a large body of literature that tests this hypothesis in developed capital markets 
to China, an area as yet unexplored. 
Expectations Hypothesis General Theory 
There are three major theories about the structure of the yield curve: the expectations 
hypothesis, the liquidity premium hypothesis , and the preferred habit hypothesis. As 
outlined in Haugen (1993), Duffey and Giddy (1994), Salomon Brothers (1995) and 
Brailsford and Heaney (1998), ainong many others, the basic tenets of each theory are 
as follows. Expectations theory argues that long-term rates are a combination of 
current short rates and expectations of future short rates. The expected return from an 
investment strategy of either buying short-term treasuries and reinvesting the proceeds 
in short-term treasuries at a future date when the first set of bonds matures would be 
1 Obviously, activity in the treasury market or in the adjustment of the cash rate is not the only monetary 
tool available. See Gibson ( 1997) for a discussion of the role of bank lending as a transmission 
mechanism for monetary policy. 
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equivalent to investing in longer-term securities, provided the total time invested in 
each strategy matched. Mathematically, the expectations theory on future rates can be 
2 expressed as follows: 
(1 + R~) = (1 + R1° )x (1 + E 0 lR~ J) .. (1 + E0 lR;-i J) (2.1) 
where: 
E0 lR; j is the expected nominal yield per annum for the period from time s 
to time n with expectations formed at time 0, and 
R~ is the nominal yield per annum observed now for the period O to s. 
The liquidity premium hypothesis states that investors prefer to hold short maturity 
instruments and, as a result, borrowers must offer lenders a premium to access longer-
term credit, thus explaining the common upward sloping yield curve as a function of 
yields and time to maturity. Fama (1984a), McCulloch (1987), Richardson, 
Richardson and Smith (1992) and Boudoukh, Richardson, Smith and Whitelaw (1996) 
provide general models and empirical tests of the liquidity preference hypothesis. 
The preferred habit hypothesis states that investors have different preferences for 
different 1naturity fixed income investments. Thus, the shape of the yield curve will 
reflect market supply and demand for different maturity instruments. For example, if 
the market were dominated by insurance companies or pension funds which must 
manage long-term liabilities and thus prefer to hold long-term bonds, the long end of 
the curve may not be sensitive to changes at the short end of the yield curve. 
2 As defined in Brailsford and Heaney (1998:569). Also see Kritzman (1993). 
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Applicable modelling 
Focusing on the expectations hypothesis as a framework to explore the behaviour of 
secondary bond markets in China, the thesis draws upon the econometric and finance 
literature to select appropriate modelling techniques. 3 It is important to put this work 
in context, detail briefly some of the more sophisticated term structure modelling that 
has been undertaken, and then select an applicable modelling technique for China. 
The thesis draws upon the fields of finance and econometrics in its examination of 
treasury markets, which both have contributions to make. Pagan, Hall and Martin 
(1996) provide a detailed motivation behind the crucial link between the econometrics 
and finance literature on this topic. Following the logic of their paper, the thesis 
explores the term structure of interest rates, simple forecasting, and price transmission 
and looks at the underlying behaviour of the yield curve through cointegration analysis 
of the Chinese and global government debt markets. 
Models to test the expectations hypothesis are formulated in the seminal pieces by 
Cox, Ingersoll and Ross (1981,1985) and Vasicek (1977), both use expectations 
theory to predict future long-term rates from current rates and expected future rates 
implied by the yield curve.4 Campbell (1995) applies this framework to an 
examination of US Treasury bond market data. Campbell (1995 :7) notes that pure 
3 In general, empirical work in the finance literature, as outlined in this section, tends to focus on testing 
the expectations theory and this thesis follows this line of analysis. Tests of the other hypotheses are 
also possible. Such examples include Froot (1989) and Sutton (1997). Van Home (1990) finds that the 
term structure of interest rates is best explained by a combined theory of expectations and risk aversion 
given recent evidence indicating an upward-sloping term structure. 
4 See Balduzzi, Das and Foresi (1998) for an approach on testing the expectations hypothesis that uses a 
two-factor model to predict future short-term rate changes. Unlike other work in the field, they 
incorporate a time-varying reversion of the riskless rates towards a central tendency in their model 
predicting future short-term rates. See Brown and Schaefer ( 1994) for an empirical testing of the Cox, 
Ingersoll, and Ross model using British government treasury data. 
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expectations theory states that interest rates are expected to equalise expected returns 
on both short-term and long-term investment strategies. That is, variations in price in 
the short term will be offset by price changes in the future since a given bond will pay 
a set face value at maturity. Campbell argues a slightly weaker form of this approach, 
known simply as the expectations hypothesis, that expected returns in the short and 
long term are constant, but do not need to be equal to zero. Both forms give 
information about implied future expectations of interest rates because both argue that 
future rates are a function of current rates and expected future rates. 
Hall, Anderson and Granger also address issues of yield curve cointegration and rate 
estimation using US Treasury data. They find that bonds of different maturities 
operate as a cointegrated system, that is 'a single non-stationary co1nmon factor 
underlies the time series behaviour of each yield to maturity and that risk premia are 
stationary (1992: 116). Using post-1982 data, they find that an error correction model 
using spreads as the error correction term 'is stable and is shown to be useful for 
forecasting changes in yields'. Their work provides a critical theoretical framework 
for empirical analysis of China's debt markets as it argues strongly for the use of 
cointegration analysis and error correction models as a means to explore the term 
structure of interest rates. Their empirical work on the US Treasury curve provides a 
useful developed market benchmark to reference results obtained in the Chinese 
market. 
Other work following this approach includes the unit root, cointegration and vector 
autoregressive (VAR) work by Karfakis and Moschos (1993). They explore the 
expectations theory of the term structure of interest rates in an Australian context and 
find that changes in the short rate have significant predictive power for changes in the 
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long-term rate. Analysis implies that the Reserve Bank of Australia influences the 
long-term interest rate by changing the cash rate, an important monetary policy tool. 
Fama (1984a,b) and Campbell and Shiller (1991) have produced some of the leading 
studies using long-term rates to predict short-term rates. 5 This study adopts a similar 
approach and extends this type of analysis to the Chinese context for the first time and 
tests the expectation hypothesis through a specific error correction form presented in 
Chapter 5. 
Despite the general acceptance of this form of the term structure of interest rates, 
empirical results are mixed. Hardouvelis (1994), Mankiw (1984) and Campbell and 
Shiller (1987) find that the term spread does not always correctly predict the change in 
future rates, nor do short rates fully predict long rates or future short rates. Recent 
work by Tzavalis and Wickens (1995a) argues that, in the long-term, long rates will 
fully adjust to changes in short-term rates as predicted by the expectations hypothesis. 
To extend the robustness of the analysis, Tzavalis and Wickens (1995b) use a vector 
autoregressive model to develop a time-varying premium proxy6 to incorporate in 
their model. They find similar results and that the rational expectations hypothesis of 
the term structure holds in the long term. They also find that the term premium 
accounts for less than 10 per cent of the excess holding period returns with the 
remainder due to changes in short rates, thus supporting the expectations hypothesis. 
Research on segmentation along various parts of the yield curve in the United States 
has also been an important area in the finance literature and one that may be applied to 
5 See Tease (1988) and Heaney ( 1996) for empirical tests on short-term securities. 
6 Fama (1984b) has argued that the presence of a time-varying premium could bias empirical tests of the 
expectations hypothesis, depending on the stationarity of the time series data used. 
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Chinese markets. Simon ( 1991, 1994) expanded upon and confirmed the work by Park 
and Reinganum (1986) and Ogden (1987) finding segmentation of the short end of the 
curve from the long end in the treasury bills market. 7 This type of segmentation by 
maturity length in the US market mandates that it is worth exploring in China's 
market. 
Following the work by Pagan, Hall and Martin (1996), Johnson (1994), Engsted and 
Tanggaard (1994) and Hall et al. (1992) on the US treasury market, the present study 
searches for the presence of an underlying common trend within the Chinese yield 
curve. 8 Similar to the preceeding research, the thesis is also interested exploring 
whether a common trend exists across a given yield curve and how different parts of 
this curve relate to each other. Given the similar goals, the thesis will also adopt 
similar techniques used in the previously discussed research. It applies cointegration 
analysis to test for the presence of an underlying common trend in secondary bond 
market yields, and then uses error correction modelling to explore the behaviour of 
short-term and long-term rates. 
An important aspect of error correction and cointegration analysis is the construction 
of a yield curve. Backus, Foresi and Telmer (1998) detail multiple options for 
constructing yield curves that price debt for a range of maturities or durations where 
7 Prior to Simon ( 1991) it was thought that segmentation was due to the preferred habit of investors 
across different months, however his research finds that short end segmentation occurs across all 
calendar months. 
8 While Zhang (1993) finds multiple common trends when using discount and coupon paying US 
treasury bonds, Johnson (1994) argues that these findings are largely due to Zhang's mixture of zero 
and coupon paying bonds yields in his empirical work. 
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these is no corresponding security that is actually traded.9 Importantly, their work 
emphasises the practical application of theoretical yield constructs to assist e1npirical 
research. 10 Empirical work by Backus, Foresi and Telmer (1998) finds the multi-factor 
Vasicek model provides a construct of the curvature of the actual yield curve that is 
not possible in the one-factor Vasicek model. As stated by Backus, Foresi and Telmer 
( 1998), this model can account for 'unusual shifts and twists of the yield curve'. This 
type of yield curve analysis is designed to pick up very subtle curvature changes and is 
best suited for a study of developed treasury markets that have numerous liquid bonds 
simultaneously and freely traded. In practical terms the limited number of 
simultaneously traded bonds dictating a coarsely delineated curvature in the Chinese 
market means that the simple linear piece-wise model - discussed later - may be 
more appropriate. Once the range of Chinese government bonds traded in the 
secondary market increases across various maturities, one factor and multi-factor 
Vasicek models could be applied. But until that time, it would be like using a 
magnifying glass to survey an unexplored mountain range when a few long-range 
satellite photos would better serve the purpose. 
Pagan, Hall and Martin (1996) also provide a comprehensive discussion of the various 
models, from the simple one-factor models developed by Cox, Ingersoll and Ross 
( 1985) to the two-factor equilibrium approach 1nodels of Longstaff and Schwartz 
( 1992), then to the two-factor arbitrage approach models of Brennan and Schwarz 
(1979) and finally to the two-factor models of Chen and Scott (1992). Longstaff 
9 See Backus and Zin ( 1994) for theoretical work estimating the pricing kernel and the subsequent 
estimation of the yield curve. They argue that the selection of the pricing kernel is essentially the core 
behind bond pricing. 
1
° For a practitioners discussion of testing yield curve hypothesis, see Grieves and Marcus (1990). 
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(1992) expands the Cox, Ingersoll and Ross framework to a model permitting multiple 
equilibria by allowing for, and imposing, boundary conditions. This adds robustness 
to the Cox, Ingersoll and Ross model by providing a framework for the development 
of other general equilibrium models. Longstaff and Schwartz ( 1993) and Clew low and 
Strickland ( 1994) provide a complete discussion of the two-factor Longstaff and 
Schwartz model. As with many of the more complicated term structure models, 
Clew low and Strickland (1994) argue that the Longstaff and Schwartz model, while 
theoretically sound, cannot be practically applied to empirical research due to the 
limited nature of available financial time series. A discussion of the application of 
volatility sensitivity to the term structure of interest rate models is provided by Babbs 
(1992) and Chan, Karolyi, Longstaff and Sanders (1992). The latter article has been 
extended by Nowman (1995) with a discussion on the Gaussian estimation in single-
factor models. Pagan, Hall, and Martin (1996) also discuss multiple non-independent 
factor models, such as that of Duffie and Kan (1993). These do not assume factor 
independence but have been subject to little empirical testing to date. 
There is also a whole class of term structure models devoted to short-term rates, 
including those by Chan et al. (1992), Babbs (1992) and Pearson and Sun (1994). 
Broze, Scaillet and Zakoian (1993) and Beaglehole and Tenney (1992) build upon 
Longstaff (1989) by providing a new boundary condition to extend his model of short-
term rates to multiple interest rate environments - pointing out that Longstaff ( 1989) 
relies upon a low interest rate environment. Rogers (1993), Bjork (1996) and Platen 
( 1998), respectively, provide a purely mathematical outline of the various term 
structures of interest rate models, short-rate models ( a sub-class of interest rate 
models), and short-term rate models inclusive of exogenous inflation and market 
variables. While outside the scope of this thesis, it is important to note the extension 
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of the term structure literature to the study of options markets. Presently, the lack of 
developed futures market in China prevents analysis of these markets there, but their 
future development - they are already developing in Hong Kong and are likely to be 
emulated in China - presents an interesting area for further research. 11 
As outlined above, there is an extensive literature on methods of modelling the term 
structure of rates, ranging from simple linear approximation models to more complex 
multi-factor models. Given the underdeveloped nature of China's debt markets, 
attempts to fit the Chinese market into these more complex models could result in 
misleading and impractical results. 12 This study uses a rather simple but effective 
linear approximation model to build yield curves for the Chinese markets. These 
models, elaborated in the empirical chapters, include the piece-wise linear model and 
the spline smoothing models as outlined in Brailsford and Heaney (1998) and 
Kritzman (1993) (see Chapter 4 for a mathematical outline). This will form the basis 
for expansion to more complicated models as the market develops but, given that no 
research has been done on the Chinese yield curve, it seems prudent first to establish a 
foundation upon which to build. 
Market Segmentation and Price Discovery 
While the modelling techniques proposed in the preceding section can help explain 
the internal dynamics of China's government bond markets, answering the larger 
11 See studies such as Meulbroek (1992), Park (1982) and Peterson, Stapleton and Subrahmanyam 
( 1999) for examples of relevant options research. 
12 Complex models rely heavily upon rates of change in the slope along the yield curve and the 
calculation of such second derivatives requires a liquid and deep market with numerous instruments of 
different maturities trading simultaneously, i.e. a developed bond market such as that in the United 
States. Imposing models which require such precision would be highly inappropriate because at present 
there are so few instruments traded along the yield curve. No studies have been done even to establish if 
there is a co integrating relationship along the curve to answer even if there is a 'yield curve'. Finally, 
these more complex models are often used for the pricing of options - a level of sophistication not 
necessary in China given the lack of a treasury options market. 
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question raised in Chapter I about the internationalisation of China's financial 
markets requires additional analysis. In this context the thesis aims to test whether the 
efficient market hypothesis holds for select parts of China's debt and equity markets. 
The study of market segmentation, price discovery and price transmission is 
particularly suited to the Chinese context given the presence of parallel debt and 
equity markets divided between domestic mainland Chinese and foreign investors. A 
study of relationships between these markets will fit into a broader literature on issues 
of global financial market integration that has been extensively explored on a macro 
and aggregated level. 
Several tiers of analysis are useful in understanding market efficiency and 
segmentation issues. First, empirical unit root testing will help understand the 
statistical processes operating in each respective market and determine if they are 
similar. Second, cointegration analysis allows for the exploration of common and 
connecting relationships between local and global markets to help determine if 
Chinese asset markets traded locally and internationally are integrated or segmented. 
Third, error correction models will help determine if these global and local markets 
are collectively efficient, that is, 'is there functionally one common market with a bi-
directional price discovery process despite legal barriers separating the two markets, 
or are there are two separate markets with a uni-directional price discovery process?' 
There are gaps to fill in the work on price transmission and market segmentation in 
Chinese markets and the next section deals with these issues. Much work has been 
undertaken on market segmentation in developed markets relevant to the case of a 
developing market. The key work uses multiple securities markets to explore market 
segmentation issues. This extensive modelling of market segmentation in developed 
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countries can be drawn upon to build on the existing analysis of China's markets by 
deepening the level of analysis through an investigation into new markets and with the 
use of new data. 
Efficient Market Hypothesis General Theory 
Duffey and Giddy (1994:89) provide a helpful broad benchmark definition of the 
efficient markets argument. 
That competition will equalize expected rates of return on similar securities 
and that effective interest-rate differentials will persist only if the securities 
possess different risk attributes or if barriers such as capital controls prevent 
arbitrage between two markets. 
Jordan (1983:1325) summarises the economic theorists interpretation of the efficient 
market hypothesis (EMH) as the assertion that 'equilibrium asset prices reveal all 
decision-relevant information in the market'. There are three forms of this hypothesis: 
the weak form, the semi-strong form, and the strong form. The weak form does not 
distinguish between public and private information. It assumes only that the current 
price of an asset reflects previous price information. This takes the following form: 
1 prices = I(p, , ... , P,-n) where n • oo. 
In the semi-strong form, Pt reflects I prices and I public ( all publicly available 
information). In the strong form, Pt reflects I prices , I public , and I private ( all other forms of 
information such as insider information). Given the lack of information in Chinese 
markets necessary to develop the semi-strong and strong forms, the empirical tests in 
this thesis will focus on the weak form. As outlined by Wang (1995:263), most 
studies employ cointegration as an 'easy way and simple criterion for examining the 
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efficient market hypothesis'. The EMH implies that a cointegrating relationship 
should exist between markets that trade assets written on similar underlying credits. 
Cointegration and error correction modelling are particularly well suited in cases 
where multiple securities are written on a common underlying asset (i.e. companies 
with stocks listed in multiple markets or government debt traded in multiple markets). 
If error correction modelling techniques determine that, in cases where the two 
markets are cointegrated, prices from one market drive prices in the other market, the 
EMH is violated. 
A study of the global and local Chinese debt and equity markets is a specific 
application of the Schreiber and Schwartz (1986) sense of the price discovery process, 
which is that markets attempt to find an equilibrium price. Error correction modelling 
will help explain the process of finding equilibrium prices in the Chinese context. 
To understand the equilibrium pricing process in China, it is first necessary to outline 
the relevant market participants involved in this process. In any given financial market 
there are often multiple classes of investor - institutional, retail, government, noise 
traders, buy-and-hold and others. In the Chinese context, these classes of investor are 
further complicated by the allocation of ownership rights among various legal entities 
(the government, private persons, institutions, etc.). Thus, in any market segmentation 
study, an understanding of different actors in the various securities markets is 
important. 
The distinction between two broad classes of investor - foreign and domestic 
investors - is important in the study of financial market integration. These are the 
central actors involved in driving capital account integration. These two classes of 
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investors are often categorised as 'noise traders' and 'informed investors' when 
looking for a dominant-satellite relationship between domestic and foreign markets. 
As defined by Safvenblad (1998) and understood by market practitioners, noise 
traders are market participants that trade securities on a short-term basis and do not 
take into account future valuations of the security. For example, noise traders could 
trade on momentum, in response to liquidity shocks or for hedging purposes. In 
contrast, the informed trader will trade on a fundamentals approach to securities 
valuation where their purchases or sales of securities will reflect their perceptions of 
permanent changes - that is, they will buy undervalued securities and short or sell 
overvalued securities. Often these two trading parties serve as counter parties in a 
given secondary market trade, although market makers will often be present in this 
secondary trade in developed countries and thus can cushion the direct impact of 
trading decisions by both parties. It is important to note, however, that a given market 
participant can change investment behaviour and, in practice, many investors do. For 
example, a money manager may invest the majority of a portfolio as an informed 
investor but take advantage of trading at the margin ( that is, buying and selling around 
a core position). 
It is important to keep these basic distinctions in mind when empirically analysing 
markets where both cohorts are involved in secondary market trading. The thesis 
seeks to reveal something about the nature of foreign and domestic investors in the 
Chinese market and about market seg1nentation. 
Applicable Modelling 
Much of the empirical work to date on financial market segmentation has been 
undertaken in the US and Western European stock markets. The present study draws 
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upon these studies to formulate an appropriate battery of tests for Chinese markets. 
The Swedish bond market provides an important developed 1narket reference on 
which empirical work has been undertaken on market segmentation and 
foreign/domestic investor behaviour. Sweden has a developed financial market, an 
open capital account, and seems to fit the standard of market efficiency used in the 
literature, namely it is market in which all prices reflect all publicly known 
information. There were mixed results on which investor cohort is the 'informed 
investor'. Safvenblad (1998) contradicts the work of Stellin (1994) and Brennan and 
Cao ( 1997), which finds that foreign investors have an information advantage over 
domestic investors. 13 Using daily data for spot and forward bond trading, Safvenblad 
( 1998) searches for a correlation between spot and future bond prices while at the 
same time distinguishing between domestic and foreign investors. He obtains simple 
linear least squares estimates for the effect off oreign capital flows on bond price 
movements and finds that net foreign investor trades provide information about future 
bond returns. While this is due to several factors, including the nature of foreign trade 
execution and transactions, the core reason given in this research is that foreign 
investors are better informed about the Swedish market. While testing for 
relationships between the spot and forward rates is not possible given the lack of 
futures markets in China, the Swedish research suggests that price transmission 
relationships can occur across international boundaries in developed markets when 
there is an information advantage in one market. Furthermore, while use of futures 
data is not possible, error correction models using securities prices can help provide 
13 The macroeconomic literature also addresses this question of trading behaviour. For example, Cebula 
and Koch (1989, 1994) analyse the effect of US dollar bond returns on capital flows. An empirical 
study by Correia, and Stemitsiotis ( 1995) identifies a statistically strong and robust linkage between 
large fiscal deficits and interest rate levels for major industrial countries. Few studies, however, have 
disaggregated this type of analysis to the individual securities level. 
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unique information about price transmission relationships between investor groups. 
Safvenblad' s research concludes with a call for more research on the dynamics of 
price discovery and formation. This study attempts that for Chinese markets. 
This work seeks to establish empirical support for the proposition that national and 
international investor cohorts often act differently, an important aspect of a study of 
the Hong Kong and domestic Chinese equity markets. The thesis examines whether 
activity in one market provides a long-term price signal for trading behaviour in the 
other market, thus providing information on the price discovery process. One 
hypothesis with regard to China is that better information is held by Hong Kong or 
global actors due to better finance modelling and accounting skills. This could mean 
that the price discovery process in Chinese companies takes place outside mainland 
Chinese borders whereas insider information could be the source of superior 
information in the domestic market. Empirical testing is necessary to determine which 
factors dominate these markets. 
Work on the question of capital market segmentation has been under way for some 
time. Studies by Solnik (1974) and Jorion and Schwartz (1986) extensively tested 
whether various markets were internationally segmented. Hietala (1989) extended this 
work to test for partial market segmentation using data from the Finnish market. 
While the work by Hietala ( 1989) develops an extremely strong equilibrium Asset 
Pricing Model capable of assessing partial segmentation, his model does not transfer 
well to an emerging market context where several assumptions would be violated, 
especially the assumptions that foreign and domestic investors have unlimited access 
to borrow or lend at the same riskless interest rate, and that there are perfect capital 
markets. 
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A large body of literature has explored cointegrating relationships to answer questions 
about market segmentation in more developed equity markets, including work by 
Jorion and Schwartz (1986), who used Canadian and US index level stock market data 
to test for market cointegration, and Hietala (1989), who used Finnish market data to 
test similar relationships. Yuhn (1997), Harris et al. (1995) and Gultekin et al. (1989) 
have also explored equity market integration and the price discovery process in the 
industrial economy stock markets (United Kingdom, Japan, United States, Canada and 
Germany), the US domestic stock markets (the New York, Pacific, and Midwest stock 
exchanges), and the Japanese and US markets, respectively. Agmon's (1972) study of 
the US, UK, German and Japanese markets finds a common multinational capital 
market despite various legal, ownership, and trading barriers. These important 
findings support a one-market hypothesis and the existence of common stock price 
returns, despite the restrictions surrounding dual listings. 
This research has recently been extended to the developing economies by the work of 
Kwok (1995) and Chaudhuri (1997), who analyse stock market cointegration in the 
newly industrialising Asian equity markets (Hong Kong, Taiwan, South Korea, and 
Singapore) and the Latin American equity markets, respectively. 
More recently, a number of studies have specifically examined China's equity markets 
and the direction of price transmission between domestic and internationally listed 
shares. This research has focused on the relationship between domestically-owned A 
shares and foreign-owned B shares. 14 Although findings vary somewhat, most error 
14 B shares are traded on the Shenzhen and Shanghai exchanges but ownership is limited to foreign 
investors. 
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correction model studies find a bi-directional price transmission relationship between 
these markets. Using an equally weighted index of 32 companies dually listed in the A 
and B share markets, Heaney et al. ( 1998) use an error correction model to find a 
long-term bi-directional price transmission relationship between the two markets. 
However, Heaney et al. ( 1998) find stronger short-term price transmission effects 
from A to B shares. Chui and Kwok (1997) also find a significant bi-directional 
relationship between A and B shares, but find stronger price transmission from B to A 
shares. 
Using asymmetric information and market segmentation modelling, Chakravarty, 
Sarkar and Wu (1998) find that better information available to Chinese investors in 
the A share market drives B shares' discount to A share prices. This would support the 
findings by Heaney et al. ( 1998) that the A share market is the dominant market 
relative to the B share market. Chakravarty et al. (1998) derive measures of 
asymmetric information from the number of newspaper articles regarding a certain 
company in the local and foreign presses. This makes the very strong assumption that 
more coverage equates to better coverage and better quality information, but the 
variable and limited quality of financial reporting in newspapers severely challenges 
this assumption. Furthermore, Chakravarty et al. (1998) ignore the fact that many 
foreigners are Hong Kong Chinese with nearly equal access to 'domestic Chinese' 
information. Therefore, while their research adds an important new element and 
approach to the study of China's equity market, problems with their underlying 
assumptions somewhat reduce the impact of their findings. These weaknesses justify 
looking to other methods to study market segmentation. 
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More generally, work has also begun on testing the market efficiency of China's 
domestic markets. Liu et al. ( 1997) use index data from the Shanghai and Shenzhen 
regional stock exchanges to conclude that each market is individually but not 
collectively efficient. They find bi-directional long-term price transmission effects 
between these two markets. This work not only sets up a useful theoretical framework 
for future equity market studies in China, but it also supports the random walk 
hypothesis in the Chinese domestic markets. 
As the goal of this study is to improve our understanding of market behaviour and 
efficiency, the empirical work will follow that of Liu et al., who use an analysis of the 
relationships between different stock markets to explore issues of market efficiency, 
explaining that 'relationships between two or more stock exchanges may be examined 
to determine the collective efficiency of the stock markets' (1997:511). Following the 
work on collective market efficiency by Schreiber and Schwartz (1986), Harris et al. 
( 1995), Kwok ( 1995) and Gallagher ( 1995), Liu employs the cointegration technology 
developed by Johansen (1988) to identify whether long-run relationships exist 
between the various Chinese stock indices, and Granger ( 1987) causality and error 
correction modelling to identify whether price movements in one index can predict 
price movements in another. Liu et al. ( 1997: 51) finds that 'the causal relationship 
between the Shanghai and Shenzhen stock indexes is bi-directional. Hence the 
Chinese stock markets can be characterized as collectively efficient'. The thesis 
investigates whether a similar characterisation of collective efficiency can be found 
between Hong Kong and mainland China and between domestic Chinese yields and 
global Chinese bond yields. The mathematical form of this application of 
cointegration and error correction modelling is outlined in Chapter 6. 
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The thesis replicates the basic methodology used by Liu et al. but expands on his work 
by adding a new market (Hong Kong) to the analysis. It seeks to improve on his work 
by using company-level data instead of index data. Chapters 5 and 6 outline the use of 
similar mathematical techniques to identify price relationships and the characteristics 
of collective efficiency between various Chinese debt and equity markets that 
simultaneously trade domestically and internationally. 
Chen and Cheng (1999) find that limited issuance supply in the Chinese markets 
drives the relatively high and distorted price level of the Chinese stock market. Using 
index level data that is subject to aggregation problems, Xu and Lu ( 1999) find that 
the Shanghai and Shenzhen stock indices show nonlinearity, do not follow a random 
walk, and are not an independent process ( as indicted by a non-zero degree of 
correlation). Li and Zhao ( 1999) find that the Shenzhen stock market is weak form 
efficient in that past prices are not indicative of future stock movements. The 
preceding analysis uses aggregated index data. This means that the results are subject 
to errors inherent in the indexation process and less accurate given the multiple cross-
price effects that occur within an index. The aggregation procedure used in calculating 
index values can hide crucial price effects and those price effects that are identified 
could be due to other factors hidden within the index. Cointegration and error 
correction modelling aims to identify price transmission relationships between assets 
with common underlying values trading in different markets. Index values do not 
represent common underlying assets and index level analysis can thus pick up other 
relationships and mislabel them as price transmission relationships. 
Despite the growing body of literature analysing the relationship between the Chinese 
A and B share markets, no substantial research has looked at the relationship between 
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the domestic Chinese A and Hong Kong H share markets. This latter relationship 
deserves serious attention given the relative failure of the B share market to develop 
and to attract significant foreign investor interest. Hong Kong and the H share market 
provide Chinese firms with an important market from which to finance necessary 
spending and re-capitalisation programs. While thin trading 15 and marginal investor 
interest in the B share market could produce spurious or incomplete conclusions 
regarding the price transmission relationship between domestically traded and foreign 
traded Chinese equities, studies using the developed Hong Kong H share market 
minimise these problems. 
By exploring the financial relationship between these two economies, this work builds 
on existing research that examines the economic integration of the two economies, 
and on the work by Bacher et al. (1992) which discusses the role of mainland Chinese 
investment in the Hong Kong market. The huge capital needs of mainland China in its 
state-owned sector and the potential privatisation programs emerging from this 
process further emphasise the importance of studying the efficiency and price 
discovery process in the markets most likely to be used for future privatisation listings 
- the Hong Kong and mainland Chinese share markets. The Hong Kong 
Government's recent direct intervention and investment in the Hong Kong equity 
market in 1998 could have an important impact on the mainland Chinese markets and 
mainland privatisation program if the Hong Kong and Chinese markets are found to 
be integrated and exhibit uni-directional price movements from Hong Kong to China. 
15 A discussion of the empirical affects of thin trading applicable to both debt and equity analysis is 
provided in Chapter 4. 
43 
Conclusion 
Using the expectations hypothesis as a framework for studying the Chinese 
government bond market, the thesis will employ cointegration and error correction 
modelling techniques developed in the finance and econometric literature to 
understand the behaviour of this market better. The specific techniques employed in 
the present functional study have been developed over the past twenty years and 
empirically utilised to illuminate the dynamics of developed country bond markets 
and will be useful in the Chinese context. Existing market segmentation research has 
also utilised cointegration and error correction modelling to analyze components of 
market efficiency, testing price discovery and price transmission between domestic 
and global markets in both debt and equity instruments. The thesis will apply these 
techniques to a study of Chinese markets. 
Before empirical testing can be undertaken, a review of China's financial markets is 
required to put the present study of China's secondary government debt and select 
parts of the equity 1narkets in context. The next chapter will establish this groundwork 
and provide a detailed review of core components of the Chinese financial sector as 
they affect these two securities markets. 
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3 Chinese Financial Markets 
Economic reforms since 1978 have revolutionised China's means of allocating capital 
and created both the need and the opportunity to establish tradable securities markets. 
Before undertaking a study of China's financial sector by analysing the tradable securities 
markets, it is necessary to put the debt and equity markets in perspective by outlining in 
more detail the principle foundations of China's financial sector. This chapter first 
discusses China's transition towards market allocation of capital, then describes 
developments in the banking and non-banking financial sectors. A brief discussion of the 
foreign exchange markets follows. This outline of the development of China's financial 
sector provides the background to an understanding of China's securities markets. 
Both government and corporate securities markets have played and will continue to play 
a central role in China's overall financial reform. In brief, China's tradable corporate 
securities markets - debt and equity - developed on an informal basis in the mid-
1980s, then more formally in the early 1990s. Of these markets, the equity market has 
been the focal point and the 1nost actively utilised for corporate finance and investment, 
leaving the corporate bond market comparatively undeveloped. Since the late 1980s, the 
government has also developed secondary treasury 1narkets to facilitate debt financing 
efforts more efficiently. 
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Transition from planned to market allocated capital 
Since 1978, China has dramatically changed the mechanism for distributing capital 
within the economy from a strictly planned bureaucratic system to a hybrid of state and 
market allocation. This has been achieved by dismantling the credit plan and promoting 
the development of new financial markets to service transformation in the real sector. 
After creating a semi-commercial banking sector and private capital markets, it became 
possible to begin securitising financial assets and, increasingly, to reduce the role of 
government transfers and subsidies to business enterprises. Although residual non-
performing loans and continuation of the state-owned sector continue to limit the 
government's ability to liberalise the financial sector fully, and government intervention 
and market manipulation still occur, irreversible steps have been taken towards more 
comprehensive liberalisation. A chronological outline of the major financial sector 
reforms is presented in Table 3.1. 
Table 3.1: Chronology of Key Financial Market Reforms 
Period 1 Key Reforms Major Implications 
1978-84 1. Agricultural reform: creation of the China begins to dismantle 
Agricultural Bank, emergence of Town- administrative economic controls 
Village Enterprises (locally funded), and and sets the groundwork for the 
formation of rural credit cooperatives. development of a market and 
2. Unofficial operation of inter-bank market increasingly private economy. 
among east coast banks. The use of treasury bond issuance 
3. Ministry of Finance (MOF) issues treasury to finance the fiscal deficit 
bonds to finance the central government creates_ need for formal treasury 
deficit. bond market in the future. 
4. People's Bank of China (PBC) allows select Increased reliance on this market 
companies to issue share certificates on a will later force the government to 
very limited basis and undertake trial profit- allow market pricing of debt and 
sharing schemes in select firms. secondary trading. PBC begins 
5. PBC and MOF officially separated. first stage in what will prove to 
6. Trust and Investment Companies (TICs) and be a very long process in 
urban credit cooperatives permitted. establishing a real central bank 
1 Period divisions from 1978-1991 are taken from Xu ( 1998). 
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7. Foreign banks permitted to open able to implement independent 
representative offices. monetary policy, an object still 
unattained by the end of the 
century. 
1985-88 1. Emergence of a money market and secondary Informal markets emerge to take 
market in certificates of deposit (CDs). the place of previously 
2. Local bank branches allowed to take in local government controlled means of 
deposits and no longer receive full funding capital allocation. The growth of 
from head offices. such markets and institutions will 
3. Industrial Commercial Bank of China later force the government to 
Shanghai branch issues the first financial formalise such markets. Financial 
bond. sector becomes increasingly 
4. Inter-bank market formalised in 55 major dependent on market forces. 
cities. 
5. TICs expand in number and in total assets 
under management. 
6. PBC transfers commercial banking operations 
to Industrial and Commercial Bank of China. 
1989-91 1. Shanghai and Shenzhen Securities Exchanges Securities markets are 
opened. Domestic and foreign share increasingly standardised and the 
ownership segmented between A and B level of sophistication in capital 
shares respectively. markets increases. 
2. Banks and financial institutions begin 
underwriting bonds. 
1992-95 1. Three new policy banks (State Development Framework established for the 
Bank, Agricultural Development Bank, and separation of commercial and 
Export-Import Bank) created. policy bank lending. Elimination 
2. PBC stops direct lending to MOF. of the two-currency system is a 
3. Elimination of two-currency system as crucial step toward greater 
Foreign Exchange Certificates (FEC) are internationalisation of the 
converted into Renminbi (local currency). Chinese financial system. 
1996-1999 1. Foreign banks permitted to engage in Securities markets take on an 
Renminbi business, and on a limited scale, increasingly important means of 
trade local bonds. fund raising while the GITIC 
2. Reorganisation of PBC into nine regional bankruptcy motivates overhaul of 
centers. securities and issuance regulation. 
3. New securities regulations (Article 214) Reform of PBC and inter-bank 
passed by central government. market helps set ground work that 
4. Inter-bank market centralised out of will allow the PBC to manage 
Shanghai. monetary policy better in the 
5. Banks prohibited from secondary trading of future. Trading volume of 
government bonds in Shanghai. secondary government bonds in 
6. Overseas share listing of domestic firms and Shanghai decreases late in this 
- issuance of global sovereign bonds. period. Overseas share and debt 
7. Current account liberalisation. issuance and foreign participation 
8. Collapse of Guandong International Trust and in domestic banking increases 
Investment Company (GITIC). Chinese financial 
9. MOF places first of several global bonds in internationalisation. 
international capital markets. Equity issuance 
in local and global markets increases. 
Source: Author's compilation. 
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One indicator of the effect of these reforms on financial deepening in China can be seen 
in Figure 3 .1, a time-series of a common measure of financial depth, the ratio of M 1 and 
M2 to GDP. Ml is money held outside bank system plus demand deposits. M2 is quasi-
money plus Ml. M2 is used as a proxy for measuring liquid liabilities in any given 
economy. The greater the ratio of M2 to GDP, the greater the level of liquid assets and 
hence the greater the financial depth. This ratio measures the overall size of the formal 
financial intermediary sector where the assumption is that the size of the financial sector 
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Chart 3.1 : China's Financial Deepening 
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Reform of the financial sector over the last twenty years has had several important effects 
on the Chinese economy. First, laying the foundations to create a real central bank, 
deepening government debt and money markets, and partially commercialising bank 
operations greatly improve the government's ability to direct monetary policy through 
open market operations. Second, market-driven securities markets provide essential 
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information through real prices and cost of capital to the real sector in a more efficient 
and profit-maximising manner. Finally, government and private securities markets are 
essential for both the re-capitalisation and the privatisation of the state-owned sector. 2 
As the credit and cash plans were dismantled, innovations in the banking, capital and 
money markets quickly circumvented the remaining parts of the plan to develop a parallel 
- albeit somewhat inefficient and small relative to the overall economy - market-
driven financial sector. 
The Credit Plan 
The movement away from a planned system created a vacuum in methods of capital 
allocation. This was first filled by banking institutions and informal markets. Later, debt 
and equity markets sprang up. From the beginning of reform until recently, China 
operated under an increasingly broad credit plan - setting money supply as a function of 
planned growth, prices and trends in money velocity. Prior to 1978, enterprise profits 
were remitted to the government and then reallocated directly to priority firms through 
the credit plan aimed at banks and through the cash plan aimed at currency in circulation 
for household, enterprise and government cash needs. 
The central and local branches of the People's Bank of China (PBC) executed this State 
Council plan, setting specific assets and liabilities, working capital, long-term loans and 
technical renovation loan targets for specialised and universal banks. The credit plan 
2 See Xu and Wang (1997), Bei, Koontz and Lu (1992), Mookerjee and Yu (1995) and Chen (1994) and Xu 
(1998) for studies on the development of China's capital markets. 
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restricted specialised banks from lending freely and, since deposits were often in excess 
of quota lending levels, banks were forced to hold costly excess reserves at the central 
bank. The credit plan remained centralized up through the early 1980s. Reynolds 
(1982:8) reports that as of 1979, 95 per cent of the People's Bank's transactions took the 
form of a transfer from one account to another. 
The cash plan provided the other main instrument for monetary management up until the 
early 1980s. This plan was annually prepared by the Central Bank to provide all the cash 
needs for the economy. Such needs primarily consisted of wage payments to workers and 
government staff, the purchase of agricultural products by the government, and the 
withdrawal of savings by households. In conjunction with the control of state prices, this 
plan was the primary means for the government to control the supply and demand of 
consumer goods stipulated in the physical plan. (Xu, 1998) Thus, as outlined by Xu 
( 1998: 12), "the cash plan was to a large extent determined by the credit plan and the state 
budget." 
Changes to the system of profit remittances, direct subsidies, and transfers to the real and 
banking sectors were some of the first critically important modifications to the credit plan 
system. These changes also affected the cash plan, which by the late 1980s became more 
indicative and of secondary importance. As firms were allowed to retain an increasingly 
large share of earnings, financial deepening naturally resulted as firms began to increase 
their use of simple financial instruments (for example, holding cash outside the banking 
sector and taking on direct loans from banks and non-bank institutions) and decrease their 
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reliance on government transfers. For example, by 1981 banks were allowed to retain 38 
per cent of after-tax profits for lending and to pay employees' bonuses and provide 
welfare services. 3 
In addition to changes at the enterprise level, as the central banking system became 
increasingly decentralised, the credit plan began to break down and credit was often 
extended in excess of the plan at the local level except during periods of strict monetary 
retrenchment. During the period 1986-90, the credit plan was usually exceeded by about 
22 per cent according to Girardin's (1997) calculations, with the central bank ultimately 
filling this gap. Although the government tried to bring new financial agents into the plan 
- non-bank financial institutions (NBFis) were brought under the credit plan in 1988 -
unofficial and NBFI activity has been very difficult to regulate and these institutions have 
tended to extend credit well in excess of planned credit limits, especially during such 
periods as 1992-93. Finally, an increasingly dynamic inter-bank market made it nearly 
impossible to follow the credit plan. 
Given the plan's outdated role, in 1998 the government abolished the credit quota system 
for state-owned banks - something already mandated for other commercial banks, 
cooperatives, and shareholding commercial banks - and thus moved closer to a market-
based banking system. 
3 However, as reported by Wu ( 1995), until a profitable commercial based lending market was developed, it 
would remain in a bank manager's best interest to pay employees. 
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Interest rates 
Changes to the way interest rates are determined in China created the foundation for debt 
markets because, without market determined interest rates, bond and equity prices have 
limited meaning. In addition, government debt market~-form an important mechanism for 
the central bank to execute open market operations. In the early phases of reform the 
central bank maintained strict control over interest rates, setting preferential rates for 
priority sectors, regions, and types of loans. In the late 1980s and early 1990s, the 
government increasingly liberalised lending rates, allowing banks to adjust rates by 10 to 
3 5 per cent around the level set by the central bank. Furthermore, the development of a 
basic inter-bank market that eventually allowed lending between regions, and ofNBFis, 
which could offer higher deposit rates, began to circumvent interest rate controls. 
However, the government continues to fix bank deposit rates at sub-market levels as a 
critical means of supporting the state-owned banking sector despite the distortions this 
creates throughout the economy. 
Banking and Financial Services 
As noted in Chapter 1, most of the research on China's financial markets has centred on 
the banking system. This means that there are gaps in a full analysis of China's financial 
sector. Until quite recently this focus made sense, given China's primary reliance on bank 
sector finance since the liberalisation of the economy began in 1978 and the non-
performing loan problems in the sector. The following section reviews developments in 
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the banking sector and, through an outline of its roles and weaknesses, underscores the 
importance of complementary equity and debt markets. 
Many researchers cite a fall in state-appropriated investment in fixed assets as a measure 
of the declining role of the state. Such investment did fall from 16 per cent in 1985 to 3 .2 
per cent in 1994 (Girardin 1997). This does not necessarily imply a diminished role for 
state-directed investment given that the state can still direct state bank lending. An 
examination of the total assets in the banking sector set out in Table 3 .1 reveals the 
emergence of different types of non-state bank financial institutions and the somewhat 
diminished role of state-directed finance illustrates the changing role of the state. While 
this table shows some change, the state bank sector still has majority control over total 
assets and thus, given the high levels of non-performing loans generated within this 
sector, China continues to risk a systemic bank sector crisis if reforms are not continued. 
China's bank sector remains highly unprofitable and has some of the world's highest 
levels of non-performing loans in both absolute and relative terms, the result of heavy 
lending to the loss-making state-owned enterprises, speculative investing, poor project 
risk evaluation, outdated accounting procedures, lack of discounted cash flow analysis 
and profit motive, and an inefficient payment and settlement system forcing banks to hold 
excess cash for operational needs despite the high cost. The PBC conservatively 
estimated that 20 per cent ( approximately US$1 trillion) of the country's bank loans 
could be deemed non-performing (Asian Wall Street Journal, 4 January 1999). Market 
analysts estimate such loans to be greater than 30 per cent (Hale 1999b ). 
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Table 3.2: China's Bank Sector Assets By Category Of Institution, 1993 And 1997 
Institution Total Assets % of total Total Assets % of total 
as of 12/93 as of 12/97 
billion yuan billion yuan 
State Commercial Banks 1 3319.45 78.0 7213.45 67.9 
Rural Credit Cooperatives 374.96 8.8 1040.46 9.8 
Other Commercial Banks2 196.57 4.6 778.11 7.3 
Specific Depositories3 232.81 5.5 681.27 6.4 
Urban Credit Cooperatives 118.24 2.8 498.94 4.7 
Foreign Funded Banks4 N/A 313.97 3.0 
Finance Companies 16.29 0.4 100.52 0.9 
TOTAL 4258.32 100.0 10626.72 100 
Notes: 
1 State commercial banks include the Industrial and Commercial Bank of China, the Agricultural Bank of 
China (ABC), the Bank of China, and the People's Construction Bank of China. 
2 Includes the Bank of Communications, China International Trust and Investment Corporation (CITIC), 
Everbright Bank, Hua Xia Bank, China Investment Bank, Guangdong Development Bank, Shenzhen 
Development Bank, Shenzhen Merchant Bank, Pudong Development Bank, Fujian Industrial Bank, Hainan 
Development Bank, Minsheng Bank, Y antai Housing and Savings Bank, Bengbu Housing and Savings 
Bank. 
3 Specific depositories include financial trusts, investment companies and policy banks. 
4 Converted into yuan at year end rate of 8.2798 yuan/US$, data not available for 12/93. 
Source: Author's calculations based on State Information Council (SIC) data. Website [ online]. Available 
at <URL:http://www.chinaeco.com/emon.htm>. People's Bank of China, 1993-98. People's Banko/China 
Statistical Bulletin , various issues. 
The Central Bank 
The most fundamental changes in China's financial sector began in 1978 with the official 
separation of the PBC from the Ministry of Finance (MOF), although the PBC did not 
stop direct lending to the MOF until 1994. The PBC was further developed in late 1983 
with the transfer of its commercial banking operations to the Industrial and Commercial 
Bank of China- now one of China's four state-owned commercial banks. The PBC has 
maintained its supervisory role and its role as a lender of last resort. Recently, it has 
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begun to assert its autonomy by attempting to effect monetary policy through open 
market operations. 
Although the credit plan was still being used, by the mid-1990s the government began 
experimenting with open market operations through sales and purchases of short-term 
treasury bills on the Shanghai Exchange. However, while household deposits and non-
state sectors are increasingly sensitive to rate changes, open market operations have been 
hampered by several key factors: a heterogeneous and underdeveloped government debt 
market inhibits the execution of open market operations; bank holdings of excess reserves 
with the central bank give these banks the freedom to draw on assets to counter tight 
monetary policy; the lack of market driven operations, ongoing subsidisation and 
guaranteed credit to many of the state banks and state-owned enterprises make the 
economy largely unresponsive to rate changes; and the policy objective of subsidising 
industry and banks limits attempts at contractionary open market operations. 
Despite tremendous progress since 1978, the PBC still lacks full independence. Struggles 
over authority between the central and local PBC branches continue, with local branches 
maintaining a large degree of authority over lending and personnel despite a major 
recentralisation effort in 1993. As Ma ( 1997) observes, provincial endorse1nent for PBC 
provincial heads and provincial support for office logistics (including housing, childcare, 
education and general staff benefits) have greatly undermined the authority of the central 
bank. 
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In 1998, the central government addressed some of these shortcomings and restructured 
the PBC network to create a more efficient structure with nine regional centres that report 
to the central PBC and all other local PBC branches reporting to these nine regional 
centres. This new structure, modelled on the US Federal Reserve system, aims to increase 
the operational efficiency of the central bank and promote consistency in policy 
execution and operation throughout the country. These reforms, however, did not address 
the political independence of the PBC from the State Council. Until the PBC is no longer 
under the direct supervision of the State Council, the PBC will not be able to truly act as 
an independent body with a primary monetary goal free from political agendas. 
Recently, to strengthen its balance sheet and assume the role of a 'true' central bank, the 
PBC has also dramatically reduced its lending to the non-financial sector from 65.9 
billion yuan at the end of 1996 to 10.5 billion yuan at the end of September 1998 - PBC 
and State Information Council publications and officials. However, interest bearing 
excess reserves of state banks held at the PBC continue to weaken the latter's balance 
sheet. 
State-owned and Policy Banks 
Although several of the major state-owned banks existed in name only prior to 1979, 
their purposes changed dramatically during the initial years of reform, from direct 
government distributors of capital to financial institutions issuing interest-bearing loans 
to their respective sectors. The Agricultural Bank of China was officially re-established 
in February 1979 to handle rural lending with the help of rural credit cooperatives that 
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formed the grassroots base for this institution. The People's Construction Bank of China 
was first established in 1954 but not until 1979 did it begin to issue interest-bearing bank 
loans for construction projects. In 1980, the Bank of China was placed in charge of 
imports and exports, foreign exchange, and international loan transactions. The bank 
maintained exclusive rights to handle foreign exchange until 1985 when the other 
specialised banks were also granted these rights. At present, specialised banks are no 
longer restricted to their originally designated lines of business. 
These state-owned banks helped to establish the groundwork for China's transition to a 
lending-based distribution of capital. By the same token, they were still subject to the 
direction of the State Council and they never made the transition to lending on a 
commercial basis. Lending continued to be based on government priority, political 
connections and high collateral projects. In an attempt to free the specialised banks of 
their burden of responsibility to the state-owned sector and partially due to the 
macroeconomic instability of 1993, three new policy banks were established by 1994 to 
further separate policy and commercial lending: the State Development Bank, the 
Agricultural Development Bank and the Export-Import Bank. The balance sheets of 
these banks are jeopardised by their attempts to compensate for low yielding investments 
in government public works projects with speculative investments in such areas as real 
estate. 
Seventy per cent of state bank lending is still directed to the state-owned sector, saddling 
these banks with non-performing loans. Xu (1998) reports that the central bank continues 
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to fund the deposit-loan gaps created by such lending.4 Furthermore, these banks have 
developed a major asset-liability mismatch. Seventy-eight per cent of the national bank 
sector's liabilities are in the form of deposits, while urban household deposits have 
reached a high of 57 per cent of total deposits and enterprise deposits have fallen to a low 
of 36 per cent. 5 This accumulation of non-government controlled short-term urban 
deposits combined with government-directed lending to the state sector ( often long-term) 
makes their balance sheets highly vulnerable. The decline of paid-in capital to the state-
owned banks from 12.1 per cent in 1985 to a mere 2.2 per cent in 1996 is further 
evidence of their weakness according to Lardy (1998). 
Although the government has directed banks to reach the internationally accepted capital 
adequacy ratio of 8 per cent, this has only been achieved by accounting manoeuvres and 
little real capital has been injected. An example was the government's attempt to 
recapitalise the four state-owned commercial banks by issuing 270 billion yuan of 30-
year special state treasury bonds with an annually paid coupon rate of 7 .2 per cent. The 
banks list these bonds as assets on their balance sheets bringing their total capital 
adequacy ratios towards 8 per cent, but no new permanent capital has been created. 
According to Lardy (1998), by the time bad debts and subsidiary lending are accurately 
4 Merrill Lynch (1998) lending estimates. 
5 In addition to the state-owned banks, the consolidated balance sheets for the national banking sector also 
includes the People's Bank of China, the Bank of Communications, CITIC Industrial Bank, and postal 
savings deposit institutions. However, this consolidated balance sheet provides the best available proxy for 
pure state banking behaviour. 
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accounted for and the Basie standard risk weightings are applied, all four banks probably 
have negative capital adequacy ratios. 
Non-bank Financial Institutions 
As a complement to changes in the state banking sector, the PBC allowed more flexible 
NBFis to develop rapidly outside the rigidities of the formal banking system, to fund the 
development of non state-owned enterprises. The rapid growth of these institutions has 
also exerted competitive pressures on other parts of the financial sector, forcing the 
government increasingly to liberalise the state banking sector. Of all the NBFis, trust and 
investment corporations (TI Cs) and the subclass of international trust and investment 
corporations (ITICs) are by far the most significant in terms of assets and market 
influence, although the others (finance companies, financial leasing companies, securities 
companies and insurance companies) all play crucial roles in allocating capital to 
different parts of the real economy often not serviced by the state banks. 
The first international TIC, China International Trust and Investment Corporation 
(CITIC) was established in 1979 to promote technology transfers and joint ventures. Its 
role has now expanded such that CITIC lends to most sectors of the economy. In the 
1980s, CITIC was clearly at the forefront of China's financial market innovation, 
although other international TICs were soon to follow. For example, in 1982 CITIC 
issued China's first international corporate bonds in Tokyo for 10 billion yen, to fund the 
Yizheng Chemical Fibre plant. Most international TICs are funded by deposits from 
enterprises, different levels of government, and institutions. Most of their liabilities are in 
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the form of deposits, while inter-bank lending often constitutes the next largest part of 
their liabilities. 
Because they do not face the regulations imposed on state banks, TICs can successfully 
attract enterprise and individual deposits by offering higher interest rates, participating in 
a wider range of business lending activities, and engaging in foreign exchange 
transactions. As outlined by Hong and Yan (1997), TICs act as commercial banks by 
treating deposits as fixed income instruments and reaping the spread earned above this 
deposit rate as retained profit - not equity as in most developed countries. Without 
interest controls or sector lending requirements, TICs have greater latitude than 
commercial banks while at the same time they had, until recently, an implicit guarantee 
of government bail-out in the event of creditor default. This type of umestricted lending 
environment combined with moral hazard problems led trusts to over-expose their 
portfolios to speculative lending and investments in the equity markets. 
NBFis flourished and by the end of 1981 there were over 600 TI Cs. By late 1989, the 
total assets of TICs reached 6.3 per cent of total financial assets (Girardin 1997). NBFis 
play an even greater role, as market participants indicate that a significant amount of 
activity occurs between NBFis and state banks outside the credit plan and thus outside 
official statistics. While trusts provided a vehicle for banks to allocate excess capital to 
firms with an excess demand for credit, the PBC's inability to regulate this sector 
effectively led it to suspend their operations temporarily after periods of 'excessive' 
credit expansion. The number of international TI Cs peaked in mid-1988 at 7 45 but ended 
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the year at only 300 after the closures enforced by the PBC. The PBC has continued to 
address abuses in the TIC sector through such landmark cases as its January 1997 
takeover of the China Agribusiness Development Trust and Investment Corporation and 
the October 1998 takeover of Guangdong International Trust and Investment Corp 
(GITIC). 6 As one of the largest and most trusted international TICs, GITIC's assets and 
liabilities of US$2.7 billion and US$4.3 billion, respectively, as of the end of January 
1999 show how overstretched and vulnerable this sector has become. 
Other NBFis include the over 55,000 rural credit cooperatives that operated under the 
guidance of the Agricultural Bank of China (ABC) until 1996, when they became 
independent. Prior to separation, rural credit cooperatives not only implemented ABC 
lending programs, but also undertook their own deposit gathering and lending activities 
(to both the rural and urban sectors). Like the state banks, rural credit cooperatives have 
significant numbers of non-performing loans accumulated from their ABC directed 
policy lending, and their lending practices and performance are highly variable by region. 
Despite this they continue to be an effective vehicle for mobilising rural deposits given 
their expansive branch networks. 
6 Other major PBC-forced closures include the closure of China Venturetech Investment Corp and Hainan 
Development Bank. 
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Although not as numerous as rural credit cooperatives, urban credit cooperatives, which 
started in 1987, aim to service urban individual and small businesses customers and have 
been important vehicles for mobilising urban savings. Like the rural credit cooperatives, 
urban credit cooperatives are not totally independent. In 1989 urban credit cooperatives 
fell within the credit plan and different urban credit cooperatives were under the 
supervision of the Industrial and Com1nercial Bank of China, the Bank of China or the 
People's Construction Bank of China. 
The.insurance sector was officially established after the People's Insurance Company of 
China was set up under the People's Bank of China in 1980. At present, regulations 
restricting the deposit base of insurance companies have created a seriously underfunded 
insurance sector and forced many insurance companies to set up securities companies 
illegally so as to supplement their low-yielding asset base of financial and government 
bond holdings. As a result, the insurance sector has become increasingly vulnerable in the 
late 1990s and is likely to undergo a shakeout similar to the restructuring of the TI Cs in 
the near future. 
Non-state commercial banks 
The China Investment Bank, founded in 1981, was the first major non-state bank to be 
created, and was designed to attract medium-term and long-term capital from overseas 
and to facilitate lending with the World Bank. The more commercially oriented and 
comprehensive non-state banks did not begin independent operations until the Bank of 
Communications was restructured in 1986 and the CITIC Industrial Bank ( a subsidiary of 
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CITIC) began operations in 1987. After 1987 similar types of bank were established in 
the Special Economic Zones. By the end of 1997, these banks controlled assets of 778 
billion yuan (or 7.8 per cent of total bank assets) and sourced funds both domestically and 
internationally. 
Foreign banks 
Foreign institutional presence in the banking sector has been very limited due to strict 
government regulations. Despite this, by the end of 1997, 142 foreign banks had branch 
offices in China and an estimated 450 representative offices had been set up (PBC 1998; 
State Information Council 1998; China Daily, December 1998). Although foreign banks 
were first allowed to open representative offices in 1981, it was not until 1996 that they 
were permitted to enter the renminbi business. By 1998, eight foreign banks had been 
given increased access to local bond trading in Shanghai and several more are awaiting 
approval in Shenzhen, but this trading is limited to the inter-bank market and excludes 
activities on either of China's stock exchanges. 7 While the government seems intent on 
expanding the number of banks, those with access to renminbi business are still restricted 
from taking local deposits, thus relying mostly on deposits from joint ventures or foreign 
firms operating in China. This restriction on liabilities limits their investment capacity. At 
the end of the first quarter of 1998, renminbi assets totalled a mere 916 million yuan, with 
7 These foreign banks were the Industrial Bank of Japan, Dai Ichi Kangyo Bank, Citibank, Standard Charter 
Bank, the Hong Kong and Shanghai Banking Corp, Bankque Indosuez, Sanwa Bank, and Tokyo-Mitsubishi 
Bank. 
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loans of 591 million yuan and 566 million yuan in deposits ( China Daily, 6 December 
1998). 
Inter-bank Market 
The inter-bank money market has provided a critical mechanism for borrowing and 
lending outside the credit plans as well as motivating banks that were previously limited 
in their lending and thus had no incentive to attract deposits, to seek deposits. Due to the 
demand for borrowing to meet liquidity demands created by a rigid credit plan, inter-bank 
activity boomed after its official introduction. 
Formal inter-bank markets were developed in 1986 in the cities of Changzhou, 
Chongqing, Guangzhou, Shenyang, and Wuhan after experiments with an unofficial 
inter-bank market in the city of Wenzhou in 1983. Also in 1986 the Shanghai Money 
Market opened, headed by the Industrial and Commercial Bank of China, which would 
come to dominate with more than 50 per cent of inter-bank 1narket activities by 1998. 
The 1narket is facilitated by local financial institutions and sponsored by local branches of 
the PBC. It includes banks, NBFis and, as of 1998, insurance companies. The dramatic 
increase in inter-bank lending over the years following the market's inception - from 
200 billion yuan in 1987 to 524 billion yuan in 1988 - indicated the demand for more 
liquid money markets outside the state plan. 8 By 1987, over 360 money market centres 
had been developed across the country. 
8 For 1988, inter-bank lending amounted to 345 per cent of total incremental bank lending for that year (Xia 
1995). 
64 
These markets were also motivated by the central government's transfer of its 
responsibility to finance firms' working capital to the banks, despite the continuance of 
the credit quota system based on forecast deposit levels. Specifically, in October 1984, 
the PBC issued the 'Rules for the Management of Credit Funds' (linking lending to 
deposit levels, limiting direct overdrafts by the central bank, encouraging inter-bank 
lending and replacing direct transfers from the central bank with repayable credit). Also 
motivating these markets were changes in the balance sheets of the national banking 
system ( discussed earlier), creating a need for better access to liquid funds given the 
government's inability to guarantee the liabilities side of the balance sheet via 
administrative measures. 
From the late 1980s to the mid-1990s, the inter-bank market remained poorly regulated 
and decentralised due to inefficient trading, settlement, and payment systems linking the 
different regional markets which operated at different times with different institutions 
dominating different markets. 9 The following characteristics were the result: interest rates 
differed significantly between regions; poor regulation led to a focus on loan creation 
rather than liquidity; local banks were forced by local governments to borrow excessively 
in the market to fund local SO Es; poor regulation and central bank support created moral 
hazard problems that directed inter-bank borrowing into speculative fixed asset 
investments; and a lack of banks operating under strict profit-maximising objectives 
limited the market's sensitivity to interest rate changes. 
9 For example, Girardin (1997) found that banks were dominant in Shanghai while financial institutions 
were dominant in Wuhan. 
65 
In 1989, in an attempt to regain control of this unauthorised lending, the government set 
up six regional inter-bank over-the-counter trading centres in Shanghai, Wuhan, 
Beijing/Tianjin, Shenyang, Xi'an and Chongqing. Additionally, the government 
stipulated that borrowing on the inter-bank market must not be used to finance fixed asset 
investments, as the market was designed to help banks meet short-term liquidity 
shortages and that banks were not permitted to borrow in excess of 5 per cent of the 
previous month's deposits. The PBC also set interest rate ceilings - at a premium to 
PBC daily lending rates to specialised banks. 10 
This failed to stop unauthorised lending and, during the early 1990s, banks continued to 
borrow from the inter-bank market to source lending to NBFis that speculated on real 
estate. This speculation led to a massive accumulation of non-performing loans that fed 
back into the inter-bank market, and the central bank was forced to inject significant 
liquidity into the inter-bank market to prevent its collapse. Given that financial 
institutions currently in default or close to default - such as Guangdong International 
Trust and Investment Corporation (GITIC), Guangzhou International Trust and 
Investment Corporation (GZITIC) and Guangdong Enterprises (GDE) - have significant 
inter-bank liabilities, further defaults in the inter-bank market could be a trigger for a 
systemic bank sector crisis, given that this market still appears to be under-funded. In 
fact, when netting out inter-bank activity for the balance sheets of the state commercial 
banks, the people's banks, other commercial banks and the postal savings network, there 
is a net liability of 198 billion yuan as of September 1998 - a major reversal from net 
10 Girardin ( 1997) outlines these new stipulations in full detail. 
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lending in the early to mid-1990s. 11 Even when factoring in other parts of the financial 
sector, additional credit has been created within the inter-bank market. 12 This could be 
explained by unofficial borrowing in this market or as a result of the massive non-
performing loans accumulated during the real estate crash which was subsequently 
recapitalised by 200 billion yuan in PBC financing. 
In April 1996, the PBC again attempted to reorganise the market, centralising it in 
Shanghai with links to 35 other inter-bank lending centres around the country and with 
the involvement of 17 banks. Whereas technical limitations and decentralised settlement 
and trading practices had previous! y created a very inefficient market, now one rate, the 
China inter-bank Offered Rate (CHIBOR), is widely quoted for all inter-bank activity. 
Despite changes, this market continues to remain relatively insensitive to interest rate 
changes and continues to provide the real sector with an important source of funding for 
fixed asset investment. As a result, recent inter-bank trading reflects the slowdown in 
non-government fixed asset investment, as seen in Figure 3.2. A highly disjointed yield 
curve, where yields do not appear to be upward, downward or even in a simple inverted 
shape as a function of time to maturity for 1997 and 1998 inter-bank rates despite 
adequate liquidity, also suggests market inefficiency or market segmentation and 
11 Although consolidated inter-bank liabilities and assets should net to zero, Girardin ( 1997) has also found 
significant discrepancies in this market. 
12 Despite the lack of current inter-bank lending data for the entire inter-bank market, a net liability is clear 
since: Rural Credit Cooperative (RCC) and Urban Credit Cooperative (UCC) total inter-bank activity is on 
average less than 10 per cent of that for state bank activity; foreign banks have only recently begun to 
participate in the inter-bank market on a limited basis; TICs are net borrowers in this market; and total 
assets of the remaining categories are relatively insignificant. Clearly, total assets and liabilities should net 
to zero if properly accounted for. 
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indicates a lack of arbitrage opportunities. In 1997, the weighted average interest rates 
were 10.4 per cent, 11.13 per cent, 10.64 per cent, 11.09 per cent, 11.00 per cent, 11.01 
per cent and 10.6 per cent for overnight, 7 days, 20 days, 30 days, 60 days, 90 days and 
120 days, respectively. The over-the-counter and non-transparent nature of this market 

















Figure 3.2: China's Interbank Money Market Trading Volume 
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Source: Author's calculations from People's Bank of China data, 1993- 1998. People's Bank of 
China Quarterly Statistical Bulletin, Beijing, various issues; State Information Council. Web site [ online]. Available at URL:http: //www.chinaeco.com.emon.htm>. 
In 1999, the government forced banks to exit the Shanghai Securities Exchange for 
treasury bond trading activity and take this business to the inter-bank market. As a result, 
there has been a dramatic increase in inter-bank trading volume as this market continues 
to take away market share from the Shanghai exchange. In 2000, the inter-bank market 
reported that inter-bank bond trading and credit borrowing increased by 216 per cent 
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from 1999 to 2.3 trillion yuan. Inter-bank bond repurchases almost tripled to reach 1.58 
trillion yuan and credit borrowing turnover doubled to reach 673 billion yuan 
(ChinaOnline 2001). Despite transparency problems in this market, the People's Bank of 
China made clear its intention to continue to bolster the inter-bank market announcing in 
December 2000 its plan to make the inter-bank market the national bond trading market 
(ChinaOneline 2000). 
Foreign exchange 
China's economy has become increasingly internationalised since liberalisation and this 
has specifically manifested itself in changes to the foreign exchange regime. 
Understanding these developments is important as a basis for understanding the issue of 
broad market segmentation between domestic Chinese and foreign markets. Additionally, 
the openness of unofficial currency markets facilitates greater market integration of other 
markets by providing the currency necessary to settle transactions in multiple markets. 
From 1980 to late 1993, China operated two separate foreign exchange markets, the 
Foreign Exchange Certificate (FEC) and the renminbi (local currency) markets. The FEC 
market was to service the currency needs of foreign companies and persons within China 
and it traded at a significantly higher value in US dollar terms than the renminbi market. 
Initially, the government could effectively ensure the separation of these two markets but, 
as foreign participation in the Chinese economy grew significantly, grey markets 
developed extensively throughout China for trading between FEC and renminbi and for 
direct trading of renminbi with foreign counter parties. 
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The FEC was eliminated at the beginning of 1994 and existing FEC holders were forced 
to exchange their currency into renminbi. The offical exchange rate moved from 5. 81 to 
8.69 yuan per US dollar for foreign holders. Although the renminbi market remains 
highly controlled, daily trading turnover of foreign exchange for 1994 reached US$200 
million and involved 210 counterparties. First appearing in 1989, currency swap centres 
(informal and formal) developed extensively throughout the country. Officially, China 
has restricted currency transactions to the current account and the central bank has 
maintained a fixed and stable exchange rate under its closed capital account. This regime 
has provided stability, but it inhibits China's attempts to develop off-shore bank markets 
and drive currency transactions into gray markets. 13 
The extensive development of illegal renminbi-Hong Kong dollar markets in Shenzhen 
also provides a pointed example of market integration despite official separation. Many 
of the illegal markets were closed in 1998 as the government sought to enforce its strict 
currency regulations and limit transactions to the trade sector in an attempt to stabilise the 
yuan. Shanghai black market rates between the yuan and US dollar are also actively 
quoted. They have tended to put the yuan about 3 to 5 per cent lower than official rates 
( although that margin was as high as 9 per cent during periods of speculative pressure in 
1998). 14 The PBC has been trying to affect demand for US dollars by lowering US dollar 
deposit rates during 1998 in an attempt to stabilise the foreign exchange markets; 
however China's flat growth in reserves for the year despite its significant trade surplus 
13 In numerous interviews, traders in both Chinese and international banks frequently cite the lack of 
convertibility as a primary hindrance to the development of off-shore markets. 
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of US$45 billion indicates capital flight. Prior to this outflow, the central bank's 
accumulation of foreign exchange reserves from 0.16 billion yuan in 1978 to 140 billion 
yuan in 1997 has dramatically affected domestic money growth. Although the PBC has 
recently allowed firms to retain increasing amounts of foreign exchange receipts and as a 
result has injected less renminbi into the system, the effect on the money supply remains 
significant. 
When China moves towards opening its capital account, the current exchange rate regime 
is likely to change significantly. There are several possibilities. Pegging the currency 
against a basket of foreign currencies (namely the US dollar, yen and euro) is one 
possibility that would complement China's recent realignment of foreign exchange 
holdings. Another option would be to move toward a full floating exchange rate, an idea 
that has limited support among Chinese policy makers. 
Conclusion 
As discussed in Chapter 1, a crucial prerequisite for capital account convertibility is a 
properly functioning domestic financial system that efficiently allocates resources to their 
best uses. China has moved a long way towards developing market-based institutions of 
capital allocation by diminishing the role of both state-owned banks and administratively-
directed lending. However, the banking system remains fraught with problems and a 
troubled banking system inevitably has problems meeting the capital needs of the 
corporate sector. By developing debt and equity markets, China has added an important 
1nechanism through which to raise and distribute capital. The central bank's efforts to 
14 See ChinaOnline Black Market Currency Watch for black market yuan-US dollar rates. 
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implement open market operations and move away from administrative controls over 
money supply require a fully functioning government debt market- in addition to a 
properly functioning bank sector and inter-bank market. The following chapters discuss 
in detail how these tradable markets have developed and assess key aspects of their 
behaviour. 
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4 The Chinese Government Debt 
Markets 
While some empirical work has been carried out on testing the efficiency and the 
price transmission relationship within the equity market, 1 there has been little 
empirical work on the Chinese fixed income markets. Difficulty in obtaining bond 
market time series data and the difficulty of accurately constructing a yield curve 
given China's unique methods of pricing its government debt in part accounts for the 
lack of empirical research in this field. The benchmark government bond yields 
calculated in Chapter 4 make such empirical research possible by providing the 
necessary-daily time series data. 
This chapter focuses on the Chinese bond market in an attempt to understand better 
the development of market efficiency in China's securities markets. It first outlines 
the major institutions and structural developments relating to the bond market. 
Second, it describes the data necessary to study the efficiency of the market. Then, 
prompted by the discussion in Chapter 2, it reviews several of the yield curve 1nodels 
and computes daily benchmark secondary bond yields for six-month, one-, three-, 
five- and seven-year maturities. 
1 See Chakravarty, Sarkar, and Wu (1998), Heaney, Powell and Shi (1998) , Chui and Kwok (1997), 
Liu et al. ( 1997) for similar studies on the A and foreign-traded B share markets in both Shanghai and 
Shenzhen. 
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Debt issuance and fiscal policy 
The government began to run budget deficits after 1979 (in all years except 1985), a 
result of introducing competitive disciplines and reducing profit remittances from 
state-owned enterprises and a significant lift in govern1nent expenditures. Recurring 
budget deficits forced the government to develop the domestic and international bond 
markets as an alternative source of finance. Chart 4.1 presents trends in China's bond 
issuance and fiscal deficit to illustrate this point. To finance this deficit, the 
government tapped both domestic and international sources of funds. The 
government returned to the foreign debt markets in 1978 after paying down the last 
of its foreign debts in 1965. In 1981, the government returned to the domestic debt 
markets, issuing new bonds for the first time in nearly a decade since it paid off the 
last of its domestic bonds in 1974. 
From the late 1970s to the mid- l 980s, both the budget deficit and debt issuance 
tended to move in tandem, with increased deficits forcing increased debt issuance 
(Chart 4.1 ). In the mid-1980s, the government steadily increased debt issuance while 
the government deficit, although deteriorating somewhat, remained relatively stable. 
One reason is that the official fiscal deficit does not capture the true extent of 
government spending. In fact, the government has large off-balance sheet financing 
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needs in the state-owned and banking sectors requiring large 'one-off debt 
financing, and these costs do not appear as spending in the government budget. 
The World Bank argues that if China were to calculate its government deficit on a 
consolidated basis, including the People's Bank of China, it would approach 5 to 6 
per cent of GDP. 2 Furthennore, China's budget reporting lists proceeds from debt 
issuance as revenue. In the future, the 1nassive debt recapitalisation needs of SOEs 
and the state bank sector is likely to force debt issuance as a percentage of GDP even 
higher, depending upon what propo1iion of non-performing loans are directly 
securitised by the gove1nment and re-financed by the issuance of new gove1nment 
2 As reported by the Economic Intelligence Unit (1998) . 
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debt. According to Huang (1998:3) these non-perfonning loans for the four state 
banks reached 24 per cent in 1997, totaling an estimated 317 billion yuan. 3 
Domestic bonds 
Placement 
Since returning to the debt markets, the Ministry of Finance has issued several 
classes of bonds (treasury, fiscal, state construction, key constitution, special state 
and inflation indexed) and has restricted the sale of these bonds to specific categories 
of holders (banks, enterprises or individuals). The State Planning Commission also 
issues capital construction bonds and the various key ministries issue enterprise 
bonds. In the early 1980s, state sector workers were forced to receive bonds as 
payment in kind for wages. This type of forced placement with workers no longer 
occurs, but the Ministry of Finance continues to force enterprises and state banks to 
buy fiscal bonds (late 1980s and early 1990s) and various other kinds of special state 
bonds ( ongoing). 
By offering investors 100-200 basis points above comparable bank deposit rates, the 
Ministry of Finance succeeded in placing the 1najority of new issues with retail 
investors and has thus become highly dependent on this class of investor and bank 
3 In interviews with private market economists, non-performing loan levels were estimated to be even 
higher, more than 30% of GDP. 
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deposit rate controls. In 1997, China issued 241.2 billion yuan in T-bonds, with 68 
per cent in the form of certificate bonds and 16 per cent in unregistered bonds. Retail 
investors facing low deposit rates in the bank sector were the major buyers, a trend 
that continued into 1998. 
The lack of a standardised debt market is likely to hamper future issuance plans. 
Although yearly debt finance targets are currently given, no schedule of auction dates 
or individual issuance sizes are provided. The government still relies on multiple 
classes of bonds issued by various government agencies, such as the 1.6 billion yuan 
five-year Ministry of Railway bonds issued in late 1998. The lack of a liquid 
secondary government bond market with numerous securities trading from one to ten 
years greatly increases investor uncertainty, speculative behaviour, secondary market 
volatility and, ultimately, funding costs for the govemment.4 Additionally, while a 
distribution system for treasury bonds targeting retail investors has been established 
via state bank branches, the government still relies on an ad hoc forced placement 
system for other investor classes, especially using the state banks to finance 
government spending. In 1998, for example, the central government placed 415 
4 When the secondary bond market lacks sufficient liquidity, investors are unable to price government 
risk accurately across various maturities. This uncertainty translates into a risk premium. The lack of 
secondary market liquidity also creates a liquidity premium, thus lowering the price of government 
bonds and raising the government's cost of funding. 
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billion yuan in three separate bonds with state-owned co1nmercial banks. 5 
Pricing 
In addition to forced placement, bonds issued in the 1980s were not market priced. 
For example, the 10-year bonds issued in the early 1980s paid an annual interest rate 
of 4 per cent at maturity despite five-year bank certificate rates being 6.8 per cent on 
deposits. After accounting for the time value of money and inflation, investors 
clearly lost money over this period and these bonds acted as a tax. 
Bond issuance through the 1980s became very unpopular, and to ensure the 
successful placement of bond targets, the government was first forced to shorten 
maturities while keeping coupon rates constant. Realising that current yields were 
well out of line with market pricing, the government increased household bond rates 
from 10 to 14 per cent in 1989, and for the first time it issued construction bonds 
with floating rates. To issue an increasing volume of bonds successfully, in 1991 the 
Ministry of Finance was finally forced to use public bidding to issue bonds at 
market-determined rates. Recently, this has been extended to state-affiliated issuers, 
where for the first time the State Development Bank and the Export-Import Bank 
5 In 1998 270 billion yuan of special treasury bonds were issued to recapitalise state-owned 
commercial banks, 100 billion yuan of special treasury bonds were placed with state banks to fund the 
central government's fiscal expansion, and the MOF auctioned 45 billion yuan in T bonds designated 
for the four wholly state-owned banks. However the latter will be tradable on the inter-bank bond 
market. 
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issued 5 and 3 billion yuan in bonds, respectively, through public bidding in the 
second half of 1998.6 
Pricing of bonds in the secondary market also follows outdated pricing mechanisms, 
using a variation of current yield versus standard yield-to-maturity calculations. The 
latter pricing mechanism fails to account for the time value of money and often 
under-prices bonds in the primary market by failing to discount future coupon 
payments (World Bank 1995), as discussed at length later in this chapter. 
Trading 
After years of illegal black market trading in treasuries, the government officially 
sanctioned secondary trading in July 1988. Seven cities (Chongqing, Guangzhou, 
Harbin, Shanghai, Shenyang, Shenzhen and Wuhan) were established as trading 
centres, and securities companies and trusts began actively trading in the secondary 
market. A large supply of mispriced bonds already held by investors led to rapid 
selling pressure in the secondary markets in 1988 and the government was forced to 
use 1 billion yuan to prop up this market as individuals rushed to sell their bonds. In 
6 Prior to this type of auction, the banks' sources of funds - of which 90 per cent came from bond 
issuance to commercial banks and savings deposit affiliates of the State Postal Bureau - were forced 
upon buyers through a mandatory quota system under government set interest rates. Equally 
importantly, greater freedom is being given to issuers to determine the terms of their debt issuance, 
coupon rate and maturity schedule. 
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1989, local governments were again forced to intervene in the secondary market -
this time without central government financial support. 
In 1990, the government coordinated a national satellite linked trading system to help 
unify pricing across regions and allowed futures contracts on bonds to advance the 
sophistication of this market. The 1993 introduction of repurchase (repo) trading 
further helped institutions manage risks and allowed market makers to hold larger 
inventories to promote better liquidity. By 1998, almost all secondary bond market 
trading was carried out at either the Shanghai or Shenzhen exchanges through the 
Securities Trading Automated Quotation System (ST AQS), which involves 40 
domestic securities and investment and trust companies and connects with over 70 
cities (Chart 4.2). While banks have recently been excluded from trading in the spot 
bond market in Shanghai, brokerage houses and large state-owned enterprises have 
continued to trade these assets. During interviews with various trading sources in 
China, it became clear that while the spot market was active, the most active market 
trading occurs in the repurchase (repo) market. Turnover volume in Chart 4.2 
confirms this observation. 
Foreign Bonds 
While the government first returned to the debt markets via international issuance, 
the Ministry of Finance has taken an increasingly conservative approach towards 
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foreign issuance. The new bias towards domestic versus external issuance is 







































Chart 4.2 : China's Secondary Treasury Bond Trading 
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As a result of this approach, China had only US$ l 3 l billion in outstanding external 
State Administration of Foreign Exchange (SAFE) registered debt at the end of 1997, 
with total debt service as a per centage of exports of goods, services and income of 
less than 10 per cent. By 1997, China had positioned its external debt portfolio inside 
a very safe range with US$45 .3 billion in foreign direct investment for 1997, 
US$139.9 billion in foreign exchange reserves, a current account surplus ofUS$29.7 
billion, and a well managed maturity schedule and currency breakdown. 7 Chart 4.4 
shows the stability of total external central government debt to gross national product 
( GNP) over time. 
Chart 4.4: Foreign Debt Expansion Profile 
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In addition to central government debt, numerous localities and domestic institutions 
have been accruing significant foreign liabilities, and in the past few years many 
global high yield bonds have been issued by offshore companies written on Chinese 
project cash flows. Guarantees for many of these bonds are often unclear despite 
frequent claims during investor presentations by company officials of' government 
support', and creditor disputes could create disruptions to China's entry into global 
capital markets in the future. 
China has recently embarked on an aggressive push to develop a global sovereign 
yield curve by issuing a range of bonds with different maturities in different 
currencies. 8 The usefulness of this innovation for international investors may be 
limited as there are indications that intervention by the Chinese government has 
made the pricing of true Chinese sovereign risk unclear.9 Chart 4.5 lists the major 
Chinese global bonds. Their sensitivity to the Asian crisis indicates some degree of 
real market pricing and liquidity. All bonds listed are non-call life global bonds for 
the People's Republic of China with the standard government repayment guarantees 
rated BBB- by Standard and Poor's, except for the bond maturing on 2 January 
8 For example, China was the first country to issue global bonds after the Russian debt crisis in August 
1998 with its US$ l billion ten-year global bond that was sold at a yield to maturity of 7 .346 per cent 
in Autumn 1998. 
9 For example, it was widely believed that the buyers of the US$ I 00 million global bond issued in 
October 1997 and maturing in 2006 were the major Chinese state-controlled banks. Marginal spreads 
between various duration assets also create suspicion of both illiquid assets and intervention. 
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2007, which is for the State Development Bank (SDB) and is considered quasi-
sovereign. 
Chart 4.5: China Global Bond Performance 
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Corporate Bonds 
The lack of a liquid government secondary bond market inhibits the development of 
a corporate bond market. Since corporate bond risk is priced in terms of bond spreads 
over comparable duration government bonds, without a reliable government yield 
curve, investors have great difficulty systematically and uniformly pricing new 
corporate debt. This increases both uncertainty and the cost of funding for firms 
forced to pay higher yields. China will need to establish a nationwide trading and 
settlement system and an active corporate bond repo market to allow underwriters to 
hedge their exposure when holding an inventory of their underwritten bonds. 
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China's tradable corporate securities markets developed on an informal basis in the 
mid-1980s and formally in the early 1990s. Of these markets, the equity markets 
have clearly been the focal point and the most actively utilised for corporate finance 
and investment, leaving the corporate bond market comparatively undeveloped. 
Despite the rapid development of equity markets in China in recent years, corporate 
bond markets have remained in their infancy and have played only a minor role in 
corporate finance. 
Although China first started issuing corporate bonds in 1986, excessive 
administrative controls over issuance and ad hoc secondary trading mechanisms have 
limited the market's development. 10 At the end of 1997, the total volume of 
corporate bonds was 100 billion yuan, with only seven corporate bonds listed on the 
market. Many corporate bonds are issued by the state banks or state-owned 
enterprises and placed in the accounts of a few state banks or other major financial 
institutions and little secondary trading ever occurs. Many of these bonds are simply 
a continuation of triangle-debt and represent refinancing loans from state banks to 
SO Es, and non-state firms have been a relatively small part of this market. Trading 
that does occur 1nostly takes place directly between two interested parties in the over-
the-counter market as the major investment houses do not regularly make markets for 
10 The lack of these two elements are just some of the major reasons behind the underdevelopment of 
similar markets in Japan. 
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such securities. Market participants have indicated that the approval process for 
corporate bond issuance is even more subjective and politicised than equity issuance 
and only politically well-connected companies receive approval. 
Like the equity issuance market, the government has also set an annual quota for the 
bond market, and a quota of a mere 20 billion yuan per year guarantees this market 
will remain underdeveloped. Additionally, different forms of corporate bonds are 
also limited, with non-straight debt such as convertible bonds making up a very small 
part of the overall debt market. 
Regulation 
The primary body for securities regulation is the China Securities Regulatory 
Commission (CSRC). The CSRC is responsible for issuance and trading regulation 
of both debt and equity. The CSRC is not an independent body and lies directly 
under the control of the State Council - China's most powerful political entity. 11 
Previously the CSRC was part of the People's Bank of China but has since become 
officially independent of China's central bank. The Ministry of Finance, also under 
the direct influence of the State Council, bears responsibility for govem1nent debt 
issuance while the inter-bank market is regulated by the PBC. 
11 These close links between political and securities regulation have an important impact on China 's 
securities markets by allowing for political objectives to be implemented through market based 
institutions. 
86 
The most crucial piece of legislation to be enforced by the Securities Regulatory 
Commission, is the landmark securities law of December 1998 - Article 214 -
which took effect from 1 July 1999. It provides the first standardised country-wide 
regulations imposing stricter financial reporting requirements, insider trading 
regulations, the separation of underwriting and trading activities, and the separation 
of client and proprietary accounts. 
Settlement and clearing of trades, a crucial element in legitimising securities trading, 
is managed on several levels. At the individual level, investors with magnetic debit 
cards linked to their brokerage securities accounts can execute trades through their 
banks/brokers. At the institutional level in Shanghai, transactions are managed by the 
Shanghai Securities Central Registration and Clearing, and a similar entity exits in 
Shenzhen. 
The China Government Securities Depository Trust and Clearing Corporation 
created by the PBC and MOF in September 1995 12 serves as a central clearing and 
settlement centre for the trading and issuance of domestic Chinese bonds. 
12 See Cedel Bank, Skadden, Arps, Slate, Meagher and Flom, and NASDAQ (1996) for details on the 
structure of this institution. 
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The Secondary Market 
Unlike the issuance market for government debt, the secondary trading of 
government bonds is restricted to two major classes of investor: state-owned 
enterprises and brokerages. Initially, both state and non-state banks were the largest 
investors trading in the secondary government treasury. Activity in this market 
continues to increase as numerous brokerage houses now run dedicated bond mutual 
funds that are increasingly active. Often these brokerage houses use their bond 
positions as collateral to leverage stock positions. 
One important aspect of the Shanghai market is its relative freedom to trade assets at 
market prices. While the absolute prices on government debt, as well as the absolute 
prices (price/earnings) of equities might seem shockingly high, these markets do 
capture relative price relationships unique to the Chinese financial system. While 
price levels in the domestic Initial Public Offering (IPO) or debt issuance market 
have often been manipulated, after a few weeks of trading these assets often reach a 
market priced level as specific government intervention becomes less common. 
Recently, the government has been auctioning government bonds. If this practice 
continues, issuance will also capture real prices, although at present the issuance 
market remains highly controlled and segmented. 
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One factor limiting the Shanghai market has been the efforts of the government to 
bolster the inter-bank market. The government has forced banks out of secondary 
bond trading on the exchanges and restricted their bond trading to the inter-bank 
market as discussed in Chapter 3. 
The Chinese Yield Curve 
Calculating Yields 
Lack of available data has thus far prevented sophisticated analysis of Chinese fixed 
income markets. The first major objective of this thesis was to compile a 
comprehensive data set of daily prices for various government treasury issues traded 
in the Shanghai exchange. While trading also takes place on the Shenzhen exchange, 
only Shanghai data are used because the majority of spot and repo trading takes place 
on the Shanghai exchange and because of data collection problems with the 
Shenzhen Exchange. The sample period is from 4 April 1994 to 16 August 1999. 
Data were collected from various branches of the People's Bank of China, the State 
Administration of Foreign Exchange, the Shanghai Stock Exchange, the Shanghai 
Securities Central Clearing and Registration Corporation, the Shenzhen Stock 
Exchange, and various private financial institutions in China. 
Gathering raw price data versus Chinese yield quotations is critical in the correct 
construction of a yield curve for the Chinese market. This is because of the unique 
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way Chinese bond yields are quoted. 13 Secondary spot prices have been gathered for 
the following bonds traded on the Shanghai Securities Exchange (see Table 4.1). 
Table 4.1: Domestic Bonds used in Empirical Analysis 
Bond Code Term in Maturity Coupon Interest 
years Date (%) Paid 
195 3 1998.03.01 14.5 at maturity 
196 1 1997.01.12 12.11 at maturity 
294 1 1995.07.07 11.98 at maturity 
295 1 1996.08.26 11.98 at maturity 
296 .5 1996.08.12 10.53 at maturity 
394 2 1996.04.01 13 at maturity 
396 3 1999.03.10 14.5 at maturity 
496 .25 1996.06.15 9.92 at maturity 
596 1 1997.04.02 12.04 at maturity 
696 10 2006.06.14 11.83 annually 
796 3 1999.08.06 10.96 at maturity 
896 7 2003.11.01 8.56 annually 
9701 2 1999.01.22 10.69 at maturity 
9703 3 2000.05.01 9.18 at maturity 
9704 10 2007.09.05 9.78 annually 
Source: Author's compilation from Shanghai Securities Central Clearing and Registration 
Corporation, 1999. 
13 Many Chinese sources quote a current yield versus a yield-to-maturity value. 


















As outlined by the World Bank (1995), JunAn Securities Bond Department (1997), 
and confirmed during interviews in 1999 with Chinese financial firms, market 
participants in the Chinese bond market use a current-yield calculation for all bond 
pricing. Rather than the yield-to-maturity calculation method used in developed 
financial markets outlined by standard finance texts such as Brailsford and Heaney 
(1998), Brealey and Myers (1996) and Haugen (1993), and Fabozzi and Fabozzi 
( 199 5) the current yield calculation for coupon paying bonds takes the form shown in 
equation ( 4.1 ). 
CY= (fc;c) 
where: 
CY= the current yield 
f = face value 
( 4.1) 
cp = the current market price ( quoted in yuan) 
c = the coupon rate 
Yield-to-maturity calculations quoted in developed financial markets that account for 
the time value of money differ significantly from equation ( 4.1 ). 
Yield-to-maturity values used by the World Bank in its study of China's debt markets 
from 1991-93 take the following form: 
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cp = ~ [1-{-l }] + 1[-l j 
i (l+i) 11 (l+iY 
where: 
cp = the current market price 
c = the coupon 
i = the yield to maturity 
f = face value 
n = the number of periods to maturity 
(4.2) 
Using equations 4.1 and 4.2, yields are reported for the benchmark government bond 
due in 2007 in Chart 4.6. 
The key difference between equations ( 4.1) and ( 4.2) is simply that the yield-to-
maturity value derived from equation ( 4.2) incorporates the time value of money and 
regular coupon payments by discounting future cash flows. If nominal interest rates 
are zero or the time to maturity is infinitely short, these two equations would give the 
same yields. Where there are positive nominal real interest rates and the time to 
maturity is not infinitely small, equation ( 4.2) should generate a lower yield than 
equation ( 4.1 ), holding all other factors constant. This study uses raw price data to 
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Since most Chinese bonds accumulate interest payments in the value of their quoted 
price, but do not actually distribute these cash flows until maturity when all interest 
is paid out on a simple accrued basis in a lump sum, these bonds are functionally 
zero coupon discount bonds. For a zero coupon bond, equation ( 4.2) can simply be 
written as equation (4.3) as defined by Fabozzi (1988,1995): 14 
i = [ (FV);; - 1] (4.3) 
14 The World Bank assumes a coupon of zero to equate equations (4.2) and (4.3). When calculating 
equation ( 4.2), however, rounding errors in the iterative process used to derive i differ from equation 
( 4.3) by a few basis points. Thus, for the purpose of accuracy this paper will use equation ( 4.3) to 
calculate market yields when dealing with non coupon paying bonds. As outlined in Fabozzi (1995:68) 
when the bond is trading at a discount ( current price < face value) the current yield will be less than 
the yield to maturity and conversely when a bond is trading at a premium ( current price > face value) 
the current yield will be great than the yield to maturity. 
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where: 
FV = Future Value per dollar invested = f 
cp 
where i, f, and cp are the same as for equations ( 4.1) and ( 4.2). 15 
While most of China's bonds are discount securities, long-term bonds ( over five 
years) are issued as coupon-paying instruments. Bonds 696, 896 and 9704 pay out an 
annual coupon. These bonds also include interest payments in their secondary market 
quoted prices, thus complicating yield calculations. These interest payments 
accumulate in the secondary market price throughout the year until the interest is 
paid out on this annual basis. Therefore, an adjusted price, which takes out the daily 
value of accumulated interest payments, must be calculated to arrive at a correct 
price from which a yield-to-maturity calculation can be made. The adjusted price 
(PA) is simply calculated as follows: 
PA= PUA -DCV 
where: 
(4.4) 
D VC is the daily coupon value calculated as : 
DCV = (T -t)x cp x 100 
PuA = unadjusted price as quoted in the secondary bond market 
T = time between coupon payments ( one year in all cases) 
15 Note that when there are more than one coupon payments per year, i can be annualized by applying 
the formula: effective annual yield = (1 + periodic interest rate /-1, where k is the number of payments 
per year. 
94 
t = time to next coupon payment (broken down to a daily basis) 
cp = coupon rate 
While in the past, the market-quoted yield used in China to price government bonds 
differed greatly from conventional market pricing using a yield-to-maturity 
calculation, this mispricing has decreased substantially over time. One possible 
reason for this spread narrowing between the two methods is that the Chinese bond 
market has reacted properly (in terms of what a developed bond market would do) to 
falling nominal interest rates and falling inflation. Falling nominal rates and inflation 
reduce the difference in the value of money today versus money at a later period and 
thus we can see these two yield calculations begin to converge. This lends support to 
the argument that the domestic market is pricing in falling interest rates and that it is 
free to trade without continuing and dominant government intervention and 
manipulation. Further econometric work, as proposed later in this study, is needed to 
assess the efficiency of this market. 
Despite these improvements in measuring yields versus the methods used in quoting 
yields in China, it is also important to address a possible weakness of using yield-to-
maturity calculations of coupon-paying bonds. The yield-to-maturity calculation 
explicitly assumes a re-investment rate for coupon payments at the yield-to-maturity 
rate (Fabozzi and Fabozzi 1989). This can create two problems (Kritzman 1993). 
First, major tax differences between interest income and capital gains would alter an 
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investor's valuation of a coupon-paying bond, depending on tax regimes. For 
example, if an investor faced significantly higher taxes on interest income then the 
investor would be willing to pay a premium, equal to the tax difference, holding all 
else constant, for a discount bond versus a coupon-paying bond, even if both had the 
same average life. Second, spot rates for future re-investments may be different from 
yield-to-maturity values. 
There is a simple method to re-price coupon-paying bonds as discount bonds by 
discounting each coupon payment by the spot discount rate for the time in which that 
coupon payment will be made (Kritzman 1993). With a developed fixed income 
market, this exercise is quite simple since at any given time there are numerous 
discount bonds trading with multiple maturities. The calculation can be made by 
using one of the spot rates or by calculating a hypothetical yield - using one of the 
techniques discussed later in this thesis - to estimate yields for a given maturity 
where no bond exists for that maturity. In China's case, such markets do not exist, 
thus making it impossible to estimate future spot interest rates for discount securities 
more than a few years out. The only long-term fixed income securities are coupon-
paying bonds. As a result, this research must use the yield-to-maturity calculation 
assuming a re-investment rate of yield to maturity for future coupon payments. While 
this will not affect yield estimates for the short end of the curve using the piece-wise 
linear model, it will affect estimates of the long end. Given that the piece-wise linear 
benchmark yield estimation technique will isolate this effect at the long end of curve 
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estimation, and that the tax difference in China for institutional investors is 
negligible, this second best approach seems acceptable. 16 
Volume and turnover data have also been obtained to assess the effect of thin trading 
on econometric time series work. 17 Problems created by thin trading are outlined by 
Cowan and Sergeant ( 1996), who examine the effects of thin trading on event 
studies; Tse and Booth (1996), whose examination of futures market data suggests 
that thin trading makes testing unreliable; and Amoako, Rashid, and Stebbins (1992), 
who demonstrate the need to correct for thin trading in their empirical econometric 
testing of the effect of capital gains taxes on stock prices. For the econometric 
research proposed in this thesis, discontinuous price jumps caused by thin trading 
with trading gaps over a few days or a week would significantly effect cointegration 
testing, and could cause error correction models to report price transmission 
relationships when in fact these tests are simply picking up thin trading effects, or 
could hide transmission relationships. Chart 4.8 shows daily spot trading turnover of 
China's benchmark year government bond due in 2007. Chart 4. 9 provides aggregate 
spot trading turnover of all bonds used in the thesis. Both charts indicate that thin 
trading will not be a problem for later empirical testing. The aggregate daily turnover 
for the period October 1995 through August 1999 averaged 1.95 billion yuan, with a 
16 In reference to the work by Zhang (1993), who uses both coupon and no copon paying bonds in his 
cointegration work on the US treasury market, Johnson (1994) does argue that the use of coupon and 
non-coupon paying bonds can lead to the discovery of multiple common trends versus the single 
common trend results found by his research, as discussed in Chapter 2 footnote 8. 
17 Thin trading refers to when a security is not actively traded each day. 
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range from 0.91 billion yuan to 20.37 billion yuan. These charts also indicate the 
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Chart 4.7: Spot Trading Turnover Volume on the Shanghai 
Exchange of the 9.78% Chinese Treasury Bond due in 2007 
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Building the Yield Curve 
Given that the constructed yield curve will be the basis of cointegration and error 
correction model testing, it is important to use multiple methods in constructing 
benchmark yields to check the sensitivity of the results to method choice. The first 
technique, in Brailsford and Heaney (1998), is known as the 'Piece-wise Linear 
Model'. This model incorporates observed yields calculated from the data set of bond 
prices in the form: 
y(t j) = Yi + ( y2 - Yi J(t j - ti) 
t2 - ti 
where: 
y(tj) = desired benchmark yield 
(tj) = time to maturity 
(4) 
Y1 = yield observed at time t 1, nearest the required estimate, 
t1 = time to maturity of the zero coupon security nearest to the 
required estimate 
Y2 = yield observed at time t2, next nearest to the required estimate 
t2 = time to maturity of the zero coupon security next nearest to 
the required estimate. 
Calculations have been made using the Piece-wise model for six-month, one-year, 
three-year, five-year and seven-year estimated benchmark yields. Chart 4.9 gives an 
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example of these benchmark yields for 1999. A first glance at these benchmark yields 
reveals several interesting characteristics. First, the one-year yields become negative 
for a brief period in August. 18 While negative yields seem illogical for a growing 
economy, the dramatic yield compression is also seen in other maturity bonds, 
indicating that yield compression is not just occurring in one bond but across the 
entire curve. This behaviour is consistent with the presence of an underlying 
common trend between the various parts of the yield curve, that, is the presence of a 
cointegrating relationship across different maturities. Given that bonds are used as 
collateral for stock investment, high expected returns in the stock market could 
explain why a rational investor would buy a negative yield if owning these bonds 
were the only means to leverage a large stock market position. Second, imbedded in 
the one-year benchmark yield calculation in August is a bond that is nearing 
maturity. For this data set, as bonds near maturity they often show a dramatic spike 
upward in yields. This could be due to speculative activity or the sensitivity of yield-
to-maturity calculations as a bond approaches maturity. As a result, econometric 
testing excludes observations for the last two weeks of trading - as is customary in 
market research on derivatives (Meulbroek 1992). 
18 The data has been re-checked to confirm accuracy, thus ruling out an error in the data as an 
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Another model was used to estimate the yield curve to test the robustness of the 
Piece-wise Linear model to construct accurate bench1nark yields. A simple quadratic 
(or cubic) form to model a non-linear curve - referred to as 'spline smoothing' - is 
estimated (Kritzman 1993; Brailsford and Heaney 1998:565. Not only is the 
technique commonly used to create benchmark yields of hypothetical bonds that have 
year-to-maturity values in between observed yields, it is also used for yield 
estimation in the forward and futures markets research. (Meulbroek, 1992) 
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Using ordinary least squares estimation, the spline s1noothing technique is modelled 
as follows: 
PV(t .)= a+bt . +ct~ +dt 3 J J J J (4.5) 
where: 
a, b, c, d = estimated parameters unique to each yield curve 
t1 = time to maturity of the zero coupon security 
PV(t . ) = 1 
1 
\ referred to as the discount factor 1 l+yxt1 
A simple algebraic manipulation of the discount factor given above, PV(t;), gives a 




Both the quadratic ( setting d to zero) and the cubic forms were estimated, although 
the quadratic form is reported here because of its superior fit. Using this model first 
requires regrouping the data into clusters of bonds traded on a given day identified by 
their time to maturity. Then a simple OLS regression is performed to esti1nate the 
relevant coefficients - a, b,c,d - in equation ( 4.5). These coefficients are then used to 
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estimate a discount factor for a given maturity benchmark yield. Several indicative 
results are given in Table 4.2. 
Table 4.2 : Spline Smoothing Coefficients Estimation Results 
Coefficients 
Standard errors given in brackets [] 
a b 
1 February 1999 1.0063 -0.042857 
( standard concave [0.0031]*** [0.0024]*** 
curve) 
1 July 1999 1.0045 -0.03441 
(inverted curve) [0.0071 ]*** [0.0051 ]** 
Notes: ** Significant at the 99% level, *** Significant at the 95% level. 






The R squared for the curve fit on 1 February 1999 and 1 July 1999 in 99 .31 per cent 
and 99.67 per cent, respectively. 
When the observed yields form a classical concave shape, both the Piece-wise and 
Spline smoothing models generate very similar benchmark yields to within a few 
basis points. As shown in Table 4.3, China's bonds do not always trade in the 
standard concave shape. Falling inflation and expectations of falling interest rates 
have often caused the short end of the curve to be inverted. In this situation, the 
spline smoothing model's attempt to fit a squared or cubic function through the 
observed yields will produce significantly different benchmark yields on the short 
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end, given this model's inability to capture the severity of the inversion. The spline 
smoothing model produces very similar benchmark yield estimates at the long end of 
the curve, which tend to be more stable. While the greater mathematical 
sophistication of the spline and other models may be appropriate for yield estimation 
in a highly developed and actively traded market with many different bonds trading 
simultaneously, this sophistication only disguises the true form of the curve in 
China's case. Graphically, Charts 4.10 and 4.11 illustrate the divergence of yield 
estimation when short end yields are inverted. 
Table 4.3: Comparison of Domestic Bond Yield Curve Slope 
Observations on Observations on 
1 February 1999 1 July 1999 
Years to Yield to Years to Yield to 
Maturity Maturity(%) Maturity Maturity (%) 
Bond 396 0.11 1.82 NI A (bond matured) 
Bond 796 0.51 3.03 0.10 5.99 
Bond 9703 1.25 3.33 0.83 1.78 
Bond 896 4.75 4.48 4.33 3.55 
Bond 696 7.37 4.53 6.95 3.64 
Bond 9704 8.59 4.55 8.18 3.60 
Source: Author's calculation based on data provided by the Shanghai Securities Central Clearing and 
Registration Corporation, 1999. 
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Chart 4.10: A Comparison of Yield Curve Estimation 
Models (market yields as of July 30, 1999) 
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Table 4.4 compares the observed yields versus the spline smoothing model's 
estimates to show the inability of this model to accurately capture the inverted nature 
of the yield curve at the short end. 
Table 4.4: Comparison of Spline Yields versus Observed Yields for 1 July 1999 
Years to Observed Spline Absolute 
Maturity Yield Estimated Spread 
(%) Yield(%) Difference 
(basis points) 
.10 5.99 -1.19 718.9 
.83 1.78 2.91 113.0 
4.33 3.55 3.49 6.5 
6.95 3.64 3.60 3.8 
8.18 3.60 3.64 3.6 
Source: Author's calculation based on data provided by the Shanghai Securities Central Clearing and 
Registration Corporation, 1999. 
One advantage of the spline method is that it allows for the estimation of benchmark 
yields beyond the scope of the traded bond with the longest years to maturity. 
However, estimation beyond the bounds of observed maturities loses accuracy. In 
fact, when used to estimate a 100-year benchmark yield the spline model estimates a 
yield of minus 0.1 per cent. 19 Curve estimation in developed markets usually has 
observed points at bound or close to the bounds. For example, estimations out to 100 
years, which could be used against the 100-year global bond China issued in 1997, 
amplify any slight hump of the curve and often estimate a negative yield. Anything 
beyond ten years appears meaningless. 
19 This is the case when using coefficients estimated from either July 1 or February 1, 1999. 
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Finally, the long-term bonds assume a re-investment rate of yield to maturity and as a 
result, the long-term benchmark yields could be affected by this characteristic. Given 
that the piece-wise model only uses the observed yields closest to the benchmark 
yield, whereas the spine model will always incorporate the effect of all bonds along 
the curve, this problem is isolated in the long-end estimates, minimised for medium 
maturity instruments, and does not affect the short-end benchmark yields. 
Given that the Chinese yield curve has often been inverted, the simple Piece-Wise 
model provides the best benchmark yields necessary for empirical testing. 20 It is 
important to note that without more sophisticated yield curve models, it is impossible 
to measure changes to the second derivative of the slope at various points necessary 
to price interest rate futures and derivatives. Thus, a prerequisite for the issuance of 
more sophisticated derivatives instruments in China is a better developed bond 
market with more simultaneously traded instruments. 
Conclusion 
China's debt markets have grown both in size and depth over the past 20 years. The 
develop1nent of a secondary government bond market has provided the core data 
necessary to calculate a time series of bench1nark yields for corresponding maturity 
values where an underlying asset is not traded. These benchmark yields facilitate 
20 The non-linear model described in Appendix 1 can also construct unobserved yields. 
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empirical testing of the secondary market behaviour for Chinese government bonds 
from which inferences about market efficiency can be derived. Tests conducted in the 
next chapter will provide a specific assessment of the efficiency and segmentation of 
China's domestic debt market. Tests revealing the extent to which these markets are 
integrated with global Chinese bond markets will then be useful in assing the overall 
level of internationalisation of the financial sector of the Chinese. economy. 
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5 Analysis of China's Secondary 
Government Bond Market 
Behaviour 
Well-functioning debt markets provide an important element within the financial 
sector supporting economic growth. This is achieved through providing a market to 
finance government spending; by making available sovereign risk benchmark yields 
for use in pricing corporate debt and thus facilitating corporate capital markets; by 
providing the market mechanisms necessary for central banks to implement open 
1narket operations and effect monetary policy; and by supplying information about 
interest rate expectations through bond yields in the secondary market. This chapter 
will address the issues and questions drawn out in Chapter 1 concerning the domestic 
dynamics and internationalisation of China's financial sector through an empirical 
analysis of China's secondary government bond markets. 
To answer the questions of domestic market efficiency set out in Chapter 1 relating to 
the government bond 1narkets, this chapter follows the analytical approaches outlined 
in Chapter 2. Using the behaviour of the US bond market as a benchmark, this 
chapter tests various aspects of the Chinese bond markets to make comparisons with 
behaviour exhibited in a developed market. This chapter adopts a similar analytical 
framework to that used in empirical studies of the US bond market as outlined in 
Chapter 2 to test the efficiency and segmentation of the Chinese yield curve. The time 
series of daily benchmark yields constructed in Chapter 4 is tested with several 
models over multiple time periods. 
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The statistical processes operating within these markets provide a great deal of 
information about the behaviour and level of efficiency of market activity. One of the 
first statistical processes of interest involves the stationarity of the data. Thus this 
chapter first conducts unit root tests and assesses stationarity of benchmark yields. 
This chapter asks whether the bond yield levels have a unit root but are stationary in 
their first difference, similar to the behaviour of US bond markets. Existence of a unit 
root in bond yields suggests that yields follow a random walk and thus indicate a 
rationally priced market. Since cointegration tests conducted later in the chapter 
require that the time series of data to be integrated are of the same order, determining 
the number of unit roots in the data is critical. These unit root tests will also be used in 
a residuals based approach to testing for cointegration (Engle and Granger 1987). 
Another important statistical processes that helps define the bond market's secondary 
trading behaviour and level of efficiency is whether or not there is a common 
underlying trend across various maturities of secondary bonds and whether or not 
there are relationships between yields on bonds of different maturities. If there is such 
a trend and there are certain directional relationships between the various parts of the 
yield curve then government policy 1nakers can utilise the secondary government debt 
markets to effect monetary policy, that is, affecting long-term interest rates by 
adjusting short-term rates. Additionally, if there is a relationship between short and 
long rates, secondary bond market yields will provide information about interest rate 
expectations. 
Cointegration analysis is a central method used in this chapter to examine the 
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relationship between yields of benchmark bonds of varying maturities. This chapter 
outlines a general definition of cointegration and relates it to an analysis of securities 
markets. While in developed markets such as the United States secondary 
government bond market acts as a cointegrated system, this has yet to be proven in 
China. Empirical testing aims to establish whether or not China's government markets 
act as a cointegrated system and whether or not the market is internally segmented, 
that is, whether long and short-dated maturity bonds act in a non-cointegrated fashion. 
Following the work of Bradley and Lumpkin (1992), who use an Engle and Granger 
(1987) residuals based approach, the chapter assesses the applicability of such 
modelling techniques in the Chinese context. Then, given the statistical limitations of 
the residual based approach, a more sophisticated cointegration testing technique 
developed by Johansen (1988) is used. While the presence of a cointegration in the 
yield curve does not fully answer the question of whether there is market efficiency, 
the presence of such a system provides the first study of whether or not China's 
secondary bond market acts as a system. That is to say, it provides the first study of 
whether there is a com1non underlying trend operating across different maturities 
along the yield curve. 
In cases where cointegration is accepted, a single and multi-vector error correction 
model is constructed to assess relationships between various maturities along the 
benchmark yield curve. The section that follows adopts an approach similar to that of 
Pagan, Hall, and Martin (1996), who use Johansen's (1988) tests for cointegration to 
determine whether there is a common trend along the yield curve that determines the 
level of yields. 
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Extending the analysis from a domestic to an international context, this chapter then 
tests for segmentation between domestically and globally traded Chinese government 
bonds. This analysis addresses issues raised in Chapter 1 regarding the 
internationalisation of the Chinese financial sector. The segmentation of asset markets 
by trading location has been studied in the Chinese economic literature in respect to 
other financial markets but has yet to be extended to the government bond markets. 
Girardin (1997) and the World Bank (1995) both found that China's inter-bank and 
banking markets trading in similar credits are segmented by location. Since those 
markets do not operate outside China, the government bond market presents a unique 
opportunity to test for segmentation internationally. 
Time Periods 
The continuous development of the Chinese financial markets recommends that the 
sample period be disaggregated into sub-periods, both to account for structural or 
regime changes, and to follow the development of the market over time. The effects of 
regime changes are well outlined in Hall, Anderson, and Granger ( 1992) in relation to 
the US market. Hall, Anderson, and Granger (1992) found that the error correction 
term in their error correction model was unstable over their full time period, which 
included various regime changes in US monetary policy. In the post-1982 period, 
which excludes these regime changes, their error correction model had predictive 
value. 
Thus, both the entire time period of available data, as well as appropriate sub-periods, 
are tested. Re-testing over different annual time periods has an intuitive rationale as 
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financial policy and, specifically, the issuance of new regulations concerning treasury 
bond trading and debt issuance programs tends to be decided by the Ministry of 
Finance and Bank of China on an annual basis. 1 Massive changes of policy do not 
occur over shorter time frames - quarterly or biannually. 
Since the Piece-wise Linear Model requires two simultaneously traded bonds with 
maturities on either side of the target benchmark yield, there are various periods where 
the estimation of a six-month yield is not possible. Additional sample periods were 
determined by the availability of data where availability is a function of whether the 
years to maturity of bonds trading on a given date are such that a Piece-wise model 
can estimate the given benchmark yield. Since some of the cointegration tests are 
performed over different periods, unit root tests were conducted for the one-, three-, 
five- and seven-year yields and, when applicable, the six-month yield for each of the 
different time periods. 
Unit Roots 
Breusch ( 1998) explains that cointegration analysis requires data first to be tested for 
the presence of a unit root. Dickey-Fuller and Augmented Dickey-Fuller tests were 
performed on the level of the yields for all sub-periods using equations (5.1) and (5.2) 
without the first difference operators. These tests confirmed that the yields are non-
stationary in their levels. That is, the tests found the presence of a unit root in the level 
of the yields. These results are summarised in Table 5 .1 a. The first difference of each 
daily yield was taken and a set of Dickey-Fuller (DF) and Augmented Dickey-Fuller 
1 Debt issuance programs are decided on an annual basis, although no monthly schedules are announced 
with such annual programs. 
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(ADF) unit root testing was undertaken using the following equations: 
K 
MY;,, =A+ ¢BY;,,_, + L ¢kMY;,,-k + E (5.1) 
k=I 
K 
MY;,, =A+ flt+ ¢BY;,,_,+ L¢kMY;,,-k + E (5.2) 
k=I 
where 
BY= the given benchmark yield with maturity 
i = six months, one year, three years, five years, and seven years 
t = the recorded daily closing yields 
Equations (5.1) and (5.2) test both the DF and ADF forms. The DF form has K = 0, 
whereas the ADF form includes lagged values of the dependent variable, that is, K > 
0. Four separate unit root tests were run as summarised in the column headings in 
Table 5.1 b (tests 1-4). The number of lagged first difference terms used in equation 
(5.1) and (5.2) was determined by an iterative process, first running equation (5.1) and 
(5.2) with ten lags and subsequently dropping lags until the highest Akaike 
Information Criterion was achieved. The formula for the Akaike Information Criterion 
(AIC) used throughout the thesis is defined in Appendix 2. 
The null hypothesis, H 0 : ¢ = 0 for the presence of a unit root, is tested against the 
alternative hypothesis H 0 : ¢ < 0 of no unit root. For yields of the various benchmark 
maturities to be I( 1) stationary, we need to accept the null hypothesis in the level form 
(indicating there is a unit root) and reject the null hypothesis in the first difference 
form (indicating there is no unit root). If the t values of the ¢ coefficient in equations 
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(5.1) and (5.2) are less than the critical values presented by Dickey and Fuller (1981) 
then we reject the null hypothesis. Using the two DF equations (5.1) and (5.2), 
columns ( 1 )-( 4) in Table 5 .1 b provide the necessary test statistics with the first 
difference of the daily yields as the dependent variable, as generated by Microfit 4.0. 
The t-values for the ¢ coefficient in column (1) are obtained running the DF 
regression, which includes an intercept but not a trend. Column (2) shows the t-values 
of¢ coefficient from the DF regression, which includes an intercept and a time trend. 
In columns (3) and ( 4), the t-values are from ADF regressions which include lags of 
&Y. The difference between the regressions used to obtain results in columns (3) and 
( 4) is that the equation for column (3) includes an intercept but not a trend, whereas 
the equation for column ( 4) includes a time trend term. 
For completeness, results from tests without a linear trend are included. Given that 
interest rates have been falling in China, it would seem logical that bond yields would 
follow a linear trend (downwards) and thus a linear trend should be included in unit 
root testing. For all cases where a trend is included, we are able to reject the null 
hypothesis that there is a unit root for the first difference of bond yields. 
Chart 5 .1 provides a graphical illustration of the stationarity of the first difference for 
the five-year benchmark yield from August 1996 to August 1999. The first difference 
stationarity in this case is characteristic of all the benchmark yields. Chart 5 .2 
provides an example of the first difference stationarity of the yield on an actual bond. 
Again, this is characteristic of all other bonds. Chart 5 .2 illustrates the domestic bond 
due in 2006 ( code 696). Chart 4.9 in the preceding chapter shows the non-stationarity 
of the benchmark yields in their levels. 
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Table 5.la: Benchmark Bond Yield Unit Root Test Results for Levels 
Dependent Unit Root Test Statistics For the Following periods. 
Variables: Columns (1) and (3) use equation (5.1) and columns (2) and (4) use equation (5 .2). 
Benchmark 
yields in level Sample Period With intercept with intercept with intercept with intercept 
form [number of and no trend and trend and no trend and trend 
observations] [ k value =0] 2 [k value= O] [kvalue] [k value] 
(1) (2) (3) (4) 
6-month yield 10/4/95 - 3/25/97 -2.47 -3.37 -1.53 -2.98 
[31 0] [ 1 0] fl0l 
9/01 /97 - 2/20/98 0 -2.59 -0.43 -2 .26 
r 1081 fll [1] 
7 /22/98 - 8/3/99 0 -3.36 0.25 -1.97 
[248] [1] [l] 
1-year yield 4/03/95 - 8/16/99 -0.82 -3.05 -0.55 -3 .2 
r 1010J f4l f4l 
3-year yield 8/27/96 - 8/ 16/99 0.22 -3.38 0.43 -3.32 
[719] [2] [2] 
5-year yield 8/2 7 /96 - 8/ 16/99 0.68 -3.1 0.64 -3 .04 
[718] [1] [1] 
7-year yield 8/27 /96 - 8/16/99 0.68 -2.99 0.612 -2 .91 
[722] [I] [1] 
Table 5.lb: Benchmark Bond Yield Unit Root Test Results for First Differences 
Dependent Unit Root Test Statistics For the Following periods. 
Variables: Columns (1) and (3) use equation (5.1) and columns (2) and (4) use equation (5.2). 
Benchmark 
yields in first Sample Period With intercept with intercept with intercept with intercept 
difference [number of and no trend and trend and no trend and trend 
form observations] [ k value =0] 3 [k value= O] [k value] [k value] 
(1) (2) (3) (4) 
6-month yield 10/4/95 - 3/25/97 -19.43** - 19.41 ** -7.56** -7.59** 
[3091 [8] f8l 
9/01/97 - 2/20/98 0 - 12.32** - 10.06** -10.21 ** 
[107] [1] [1] 
7 /22/98 - 8/3/99 0 -2 1.70** - 13.32** -13.44** 
[247] [11 [l] 
I -year yield 4/03/95 - 8/16/99 - 35 .33** - 35 .31 ** . - 14.69** - 14.67** 
[10691 f4l f4l 
3-year yield 8/27 /96 - 8/16/99 - 28 .68** - 28.75 ** - 11.62** - 11.73** 
[718] [4] [41 
5-year yield 8/27 /96 - 8/ 16/99 . - 26.40** - 26.48** - 10.91 ** -11.035** 
[717] [5] [5] 
7-year yield 8/27 /96 - 8/16/99 - 26 .17** - 26 .26** - 19.07** - 19.17** 
[721] [1] [I] 
Note: ** Significantly rejects the null hypothesis of a unit root at the 95 per cent level. Tested against 
Dickey-Fuller critical values as computed by Microfit 4.0. 
Source: Author's calculations. 
2 A k value set equal to zero collapses the Augmented Dicky-Fuller Equation (5.2) into the 
Dickey-Fuller Equation (5.1). 
3 A k value set equal to zero collapses the Augmented Dicky-Fuller Equation (5.2) into the 
Dickey-Fuller Equation (5.1). 
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Source: Author's calculation based on data collected from Bloomberg, 1999. 
Chart 5.2: First Difference of Local 2006 Yield 
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Source: Author's calculation based on data provided by the Shanghai Securities Central Clearing and 
Registration Corporation, 1999. 
Discussion of Results 
The yields appear to be I(l) given the Dickey-Fuller and Augmented Dickey-Fuller 
(ADF) tests on levels and change in levels. Yields are not stationary in levels but are 
stationary in their first difference form. This behaviour is also observed in the more 
developed government bond markets in the United States. While this test does not 
117 
prove that the bond market itself is efficient, it does show that the first difference of 
yields follow a random walk - an important characteristic of market efficiency. 
Further econometric testing is needed to test further the efficiency of this market and 
better understand relationships between yields of different maturities. 
Cointegration 
Cointegration and error correction modelling provide useful techniques to understand 
both long-run and short-run relationships between time series data. A cointegrated 
series acts as a system and will return to a long-run equilibrium over time. With 
regards to secondary bond markets, and specifically with respect to the expectations 
hypothesis on the term structure of interest rates outlined in Chapter 2, if there is a 
cointegrating relationship then there is a long-run relationship between yields of 
bonds of varying maturities. In this situation, if the divergence of shorter and longer 
maturity bond yields is large relative to the long-run relationship, either the short or 
long maturity bonds will move to close this gap. Error correction models can then 
specify whether the shorter maturity or longer maturity yields move to close this gap.4 
This chapter will test whether or not Chinese bond yields move together as a system, 
as is observed in the US bond market. In cases where there is a cointegrated system, 
tests will establish the strength of relationships along various parts of the yield curve 
and compare these to results in the US market. 
It is useful to outline the general principles behind cointegration before moving on to 
methods of testing. This next section follows the notation and theoretical outline of 
4 Movement by either short rates or long rates to close this gap can be used to test the expectations 
hypothesis. 
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the principles behind time series cointegration given by Intriligator, Bodkin and Hsiao 
(1996). 
The core idea of cointegration is that although any two or more variables may be non-
stationary, a linear combination of them may have trend terms that cancel each other 
out so that the combination of variables becomes stationary. For example, if two 
variables, Ylt andy2t, each have long-run components and if the two series are 
fundamentally related in that they tend to move closely together, then their long-run 
relationship may be captured by combining them in such a way that the underlying 
long-run components cancel each other out. Under this type of relationship, a linear 
combination of these varibles will be stationary. 
Putting this more formally, let Yt denote a vector of n variables, where each element is 
integrated of order d, denoted by Yt,__, J(d). Then (1-L)d Yt is stationary for some d 
(d>O). It is generally true that if a linear combination of these n variables, say Wr = y' Yt 
,__, I(d-b), b>O, then the variables inytare cointegrated denoted by CI(d,b). In general, 
financial variables are cointegrated of order one, CI(l, OJ though some exceptions have 
been noted. The vector y is termed the cointegrating vector and represents the weights 
applied to each variable to obtain cointegration. This chapter will search for such a 
vector(s) and long-run relationships in the time series data for various benchmark 
yields. 
The case where the vector Yt has more than two variables ( as would be the case with a 
yield curve comprised of more than two bonds with different times to maturity) must 
also be considered. There could be more than one linear combination of variables that 
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is stationary. For example, if we suppose that each of the three variables y 11, y2,, y31 is 
1(1), and there exist vectors Y11 Y11 + Y12 Y21,...., 1(0) and Y22 Y2, + y23 y3,,...., 1(0); then a 
linear combination of them is also 1(0). In other words, this would imply that there 
exists a vector y '3 = (y31, y32, y33) such that y31 y 1, + y32 Y2t + y33 YJt,...., 1(0). Moreover, 
the vector y 3 is not unique. In general, if Yr is n x 1 and I' is an r x n matrix such that 
I'yr = Ur is stationary, then I'*yr = u *r is also stationary for I'* = CI', u *r = C Ur where 
C is any arbitrary r x r constant matrix. 
Due to this condition, normalisation rules are generally i1nposed. One normalisation 
rule is to consider only linearly independent cointegrating vectors. For example, 
suppose that there are r linearly independent cointegrating vectors such that I'yr = Ur , 
where I'= (I'1, I'2) is an r x n matrix with rank r and ur is an r x 1 vector of stationary 
random variables; if I'1 is nonsingular, one can use a normalised cointegrating 1natrix 
I' = (Ir, I'2) where I'*2 = I'11 I'2. The maximum number of linearly independent 
cointegrating vectors in a system of n non-stationary variables is n - 1 because, if r = 
n, theny, = I'1 Ur is stationary and contradicts the basic assumption. Johansen's 
normalisation rules are applied to later empirical testing. 
Diagnostic Testing 
To ensure the reliability of reported results, the following diagnostic tests are 
conducted throughout: ( 1) a Lagrange 1nultiplier test for serial correlation in the 
residuals are conducted at every stage - the null hypothesis of no serial correlation 
cannot be rejected unless otherwise noted; (2) tests for heteroscedasticity are also 
performed and White's adjusted standard errors are reported if the null hypothesis of 
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no heteroscedasticity is rejected;5 (3) finally, as an additional measure beyond the 
t-tests and Akaike criterion (AIC) for determining lag lengths, log likelihood tests are 
run to confirm the impact of excluded lag variables. As expected, by the nature of this 
test, in almost all cases these tests confirm the initial lag selection but the larger of the 
lag lengths is accepted where these tests differ slightly. 
Residuals Based Approach 
There are several approaches to the estimation of a cointegrated system. In general, 
they can be classified in terms of whether unit root restrictions are imposed or not. 
The residuals based approach for cointegration testing provides a starting point for the 
empirical work in this chapter. The residual based method was proposed by Engle and 
Granger (1987). They considered seven residual based test statistics for testing the 
null hypothesis of non-cointegration against the alternative of cointegration. They find 
that in most applications the Augmented Dickey-Fuller test (ADF) is preferable, thus 
motivating this chapter's use of the ADF test in empirical work. The residual based 
method has been further extended by Phillips and Hansen (1990) and Phillips (1991) 
to allow for the possibility of deterministic trend in the cointegrating relationship. 
The next section follows the empirical work of Bradley and Lumpkin (1992) on the 
US treasury market and applies a residuals based methodology to test whether China's 
secondary bond market acts as a cointegrated system. The general form of the 
5 The White's heteroscedasticity adjustment used here is that defined by White (1980). 
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residuals based approach is set out in Appendix 3. 
Bradley and Lumpkin ( 1992) assemble a time series of yield data for various maturity 
securities ranging from three months to 30 years (in China's case the longest maturity 
would be ten years on the domestically traded market and 100 years on the global 
bond market). Their work finds a long-run equilibrium relationship between various 
parts of the US bond market and that due to arbitrage opportunities different 
maturities cannot diverge from a point of profitable returns. They test the forecasting 
power of three different models: an unrestricted VAR, an error correction model, and 
a cointegrated equation. Here we will use the error correction model, which is 
consistent with their findings that this 'decisively outperforms an augmented VAR 
model' (Bradley and Lumpkin 1992:459). Following the same testing procedures for 
the Chinese market, this chapter seeks to establish whether this market also operates 
as a cointegrated system and has similar trading behaviour to that of a highly 
developed treasury market. 
The residuals based approach finds a cointegrating relationship in the Chinese market 
when testing for relationships between two variables. When only two benchmark 
yields are available - from 4/10/95 to 26/8/96 when only the six-month and one-year 
yields are available - the following simple procedure for the presence of a 
cointegrating relationship is sufficient. This procedure conducts unit root tests on the 
residuals of the regression of the six-month yields on an intercept and the one-year 
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yields over the period.6 First, the six-month yield is regressed on the one-year yields 
and the residuals are saved. Second, these residuals are tested for stationarity. The null 
hypothesis is that these residuals do not have a cointegrating relationship - thus they 
have a unit root. The alternative hypothesis is that these residuals are stationary and 
thus we can accept that a cointegrating relationship exists. We test these residuals 
using equations (5.1) and (5.2). Dickey-Fuller and ADF test statistics of -5.13 and-
3.52, respectively, using an order of 5 for the ADF test selected by the Akaike 
criterion, both reject the null hypothesis of a non-cointegrating relationship between 
these two I(l) variables. 7 The 95 per cent critical value for these test statistics is-3.36. 
Once we take our analysis beyond this time period and other parts of the bond market 
are developed with the issuance of more debt securities across a wider range of 
maturities, we must complicate the analysis by adding more cointegrating variables. 
As a result, we must estimate the following regression using Ordinary Least Squares 
estimation (OLS). 
B~ =a+ /JBYJ + xBYk + yB~ + E (5.15) 
BY are the benchmark yields i, j, k, 1 for the various benchmark one-, three-, five- and 
seven-year yields. As in Bradley and Lumpkin (1992), who follow Hall et al. (1992) 
and test for cointegration using different dependent variables, this equation is re-
6 This regression yields an adjusted R squared of 0.85539, the coefficient on the intercept and the one-
year rate are 0.012684 [0.0022971] and 0.88872 [0.019583], respectively, with standard errors in 
brackets, all significant at the 99 per cent level. 
7 These are the corrected ADF statistics computed from the response surface estimates as outlined by 
MacKinnon (1991) and calculated by Microfit 4.0. Corrected ADF statistics are used for all residuals 
based cointegration tests in this thesis. Uncorrected ADF statistics are not valid for such analysis as 
discussed by Pesaran and Pesaran (1996). 
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estimated four times, each time selecting a different yield as the dependent variable. 8 
When analysing the full time periods, there are missing observations for the six-month 
yield at various times. Hence, the six-month yield is excluded from the above equation 
during certain periods. The equation using the five-year rate as the dependent variable 
has the highest R squared and, as a result, is used in the cointegrating tests since it 
should be subject to the lowest level of bias. This is outlined in Bradley and Lumpkin 
(1992) (see Table 5.2 for R squared results). This equation was then estimated over 
various periods and with the inclusion of the six-month rate when applicable. 
While Bradley and Lumpkin (1992) use this technique in their cointegration analysis 
of the US Treasury market, the residuals based approach of testing for cointegration 
loses efficiency and can often arrive at contradictory results when testing more than 
two variables, as outlined in Appendix 3. Thus the results shown in Table 5 .3 are less 
robust than those results when testing for cointegration between only two benchmark 
yields. 9 
Table 5.2: R Squared Values for Equation (5.15) 
Dependent R Squared 
Variable 
I-year yield .96566 
3-year yield .99246 
5-year yield .99720 
7-year yield .99537 
Notes: *** Significant at the 99 per cent level. ** Significant at the 95 per cent level. 
*Significant at the 90 per cent level. 
Source: Authors calculations. 
8 This re-estimation with a different dependent variable is carried out because the selection of a given 
dependent variable is not unique. 
9 As outlined in Pesaran and Pesaran ( 1996). 
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Using the five-year yield as the dependent variable, estimation of equation ( 5 .15) 
yields the results shown in Table 5.3. 
Table 5.3: OLS Results for equation (5.15) 
Dependent Intercept 1-year yield 3-year yield 7-year yield 
Variables Coefficient Coefficient coefficient coefficient y 
a ~ X 
5-year yield 0.00076*** -0.0267*** 0.3090*** 0.7100*** 
[0.00019] [0.0084] [0.0172] [0.0135] 
Notes: *** Significant at the 99 per cent level. ** Significant at the 95 per cent level. 
*Significant at the 90 per cent level. 
Source: Authors calculations. 
For the second part of the residuals based approach the Dickey-Fuller and ADF 
statistics are computed in the following OLS regression: 
p 
DR=-AR(-1)+ LJiR(-i)+E (5.16) 
i=l 
where p = 0, 1, ... ,P 
R represents the residuals of OLS equation ( 5 .15), 
and DR= R-R(-1). 
Without trend and with an intercept, the test statistic for the residual in equation ( 5 .16) 
for an order of 6 selected by the AIC of 4697.8, was -2.93. The Dickey-Fuller statistic 
for the 95 per cent critical level is -4.11. 10 Thus, in this case we cannot reject the null 
hypothesis of a non-cointegrating relationship, a conclusion different from that of 
Bradley and Lumpkin ( 1992). At this point we can conclude that these various 
bench1nark yields do not move together in a cointegrating fashion as would be 
expected in an efficient market. 
10 Testing was also done with a trend and similarly significant results were found. 
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Further testing under this model produces unclear results. Bradley and Lumpkin argue 
that the selection of the dependent variable should not change the cointegration testing 
significantly. When using the one-year yield as the dependent variable, we find that 
the Dickey-Fuller and ADF test statistics are -5.44 and-3.38 (order of 10 selected by 
AIC), respectively, with a 95 per cent critical value of -4.45. Thus, the Dickey-Fuller 
statistic rejects the null hypothesis while the ADF statistic does not. Similar results are 
found with or without a trend variable using the one-year rate as the dependent 
variable. Because of the limitations of this approach when analysing a time series of 
more than two variables and our mixed empirical results, we cease re-testing over 
multiple time periods and employ a more sophisticated method of analysis that can 
better handle multi-vector order analysis. 
The Johansen Approach 
Johansen (1988) provides an approach that can incorporate multiple I(l) endogenous 
variables in cointegration analysis. Since our time series does not incorporate I(O) or 
I(l) exogenous variables, the general form of the Johansen (1988) model outlined in 
Appendix 3 is simplified into the following specific form: 
p-1 
~Yt = aOy +alyt -ITyYt-1 + Iriy~Yt-i +Eyt 
i=l 
where: 
t = 1, 2 ... , n and n is the total number of trading days. 
(5.17) 
Yt is an my x 1 vector of jointly determined endogenous benchmark I( 1) yields. 
aoy is the my x 1 vector intercept coefficient. 
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a Iy is the my x 1 vector time trend coefficient. 
fly is the long-run multiplier matrix of order my x my. 
r 1y,r2y, ... , r p-1 ,y are my x my coefficient matrices capturing short-run effects. 
the I term goes from i = 1 to p-1, where pis the order of the lag. 
Cointegration was tested under the assumption of an unrestricted intercept, aoy :;r Ilyµy, 
and trend, a1y = Ilyyy, since prior Dickey-Fuller testing found a time trend. These 
assumptions are also supported by the a priori economic intuition that, given falling 
interest rates in China over the period, the benchmark yields would likely follow a 
downward trend. 
The null hypothesis for all tests was for a rank of zero and the alternative hypothesis 
was for a rank of 1. In all cases where a rank of zero was rejected and a rank of 1 was 
accepted, subsequent hypothesis testing failed to reject the hypothesis of rank 1 and 
accept the hypothesis of other ranks (2, 3, 4 or 5), as would be expected in a standard 
cointegrating relationship between bonds of various maturities. Hypothesis testing 
was tested against the maximum Eigenvalue, and trace statistics are described in 
Appendix 3. All tests used the assumption of an unrestricted intercept and a trend. All 
tests were repeated with the assumption of an unrestricted intercept and no trend. In 
all cases, the level of significance did not change. 
Tables 5.4 and 5.5 su1nmarise cointegration results and provide normalised Johansen 
vector values, respectively. As seen in the following tables, most yields, when tested 
as a pair, are cointegrated. That is, there is a common underlying long-term trend 
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relating the given pair of variables. In general, when testing for relationships between 
more than two yields, there is also a common underlying trend, with the dramatic 
exception of the 1999 sub-periods. 
Discussion of Results 
Johansen's Maximum Likelihood tests indicate that both the bond market as a system 
and pairs of benchmark yields are co integrated for the periods tested except in two 
instances, finding a common vector between two sets of benchmark yields and n - 1 
common of vectors for n benchmark yields. This conclusion holds for the full period 
27 August 1996 through to 16 August 1999 as well as over various sub-periods. The 
case where the hypothesis of no cointegration was not rejected in at least one of the 
two tests (using the test based on maximal Eigenvalue of the stochastic matrix and the 
test based on the trace of the stochastic matrix) at the 90 per cent level was for the 
one-, three-, five- and seven-year benchmark yields in 1999. However, when 
incorporating the six-month yield in the same sample period along with the one-, 
three-, five- and seven-year yields, the tests did reject the null hypothesis of no 
cointegration. 
Table 5.4: Johansen Cointegration Results 
CASE Co integrating Sample Order Test Based on Test Based on the Cointegrated 
I( 1) Period of Maximal Eigenvalue Trace of the Series? * 
Endogenous [number of VAR of the Stochastic Stochastic Matrix 
Variables observations] Matrix [95 per cent & 90 
[95 per cent & 90 per cent critical 
per cent critical values] 
values] 
1 1- 3- 5- and 
' ' 
27/8/96 - 1 36.90 84.36 YES 
7-year yields 16/8/99 [31. 79] [63.0] 
[723] [29.13] [59.161 
2 1- 3- 5- and 
' ' 
1996 1 27.89 60.71 UNCLEAR 
7-year yields [87] [31.79] [63.0] 
f29.13l f59.16] 
3 1- 3- 5- and 
' ' 
1997 1 29.97 67.52 YES 
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7 year yields [243] [31. 79] [63.0] 
r29.13l [59.16] 
4 1- 3- 5- and 
' ' 
1998 1 36.71 65.30 YES 
7-year yields [246] [31. 79] [63.0] 
[29.13] [59.16] 
5 1- 3- 5- and 
' ' 
1999 1 19.22 54.82 NO 
7-year yields [147] [31.79] [63.0] 
r29.13l r59.161 
6 6-month and 4/10/95 - 1 19.85 24.56 YES 
I-year yields 26/8/96 [19.22] [25. 77] 
[221] [17.18] [23 .08] 
7 6-month 1-
' ' 
27/8/96 - 1 29.80 78 .68 NO 
3- 5- and 7-
' 
25/3/97 [37.86] [87.17] 
year yields [126] [35.04] [82 .88] 
8 6-month 1-
' 
1999 1 40.26 87.06 YES 
3- 5- and 7-
' 
[ 138] [37.86] [87 .10] 
year yields [35.04] [82 .88] 
9 3- and 5-year 27/8/96 - 1 23.52 33.44 YES 
yields 16/8/99 [ 19 .22] [25.77] 
[723] fl7.18l r23 .081 
10 1- and 5-year 27 /8/96 - 1 28.54 38.85 YES 
yields 16/8/99 [19.22] [25.77] 
[723] [17.18] [23 .08] 
1 1 5- and 7-year 27/8/96 - 1 15.43 24.41 UNCLEAR 
yields 16/8/99 [19.22] [25. 77] 
[723] [17.18] [23 .08] 
12 1- and 7-year 27 /8/96 - 1 27.23 36.07 
yields 16/8/99 [19.22] [25.77] 
f723l [17.18] [23.08] 
13 3- and 7-year 27/8/96 - 1 22.81 31.23 
yields 16/8/99 [19.22] [25. 77] 
[723] [17.18] [23 .081 
14 1- and 3-year 27 /8/96 - 1 31.69 47 .23 
yields 16/8/99 [19.22] [25 .77] 
[723] [17.18] [23 .08] 
Notes: * The hypothesis of no cointegration is rejected and the alternative hypothesis of cointegration 
is accepted ( denoted with a YES) if both of the tests reject the null hypothesis of non-cointegration at 
the 90 per cent level. In most YES cases, however, non-cointegration is rejected at a the 95 per cent 
level. Cases where cointegration is reported as 'UNCLEAR' indicates that only one test rejected the 
null and this rejection is done only at a 90 per cent level. 'NO ' indicates that neither test can reject the 
null at a 90 per cent level. 
Source: Author's calculations . 
Table 5.5: Estimated Cointegrated Vectors in Johansen Estimation (Normalised) 




Variables CASE 1 CASE2 CASE3 CASE4 CASE6 CASES 
6-month ----
---- ----
---- -1.0 - 1.0 
1-year -1.0 
-1.0 -1.0 -1.0 1.178 5.5357 
3-year 0.802 5.663 -0.271 3.3620 ---- - 8.493 
5-year 0.483 -4.402 0.069 0.938 ---- 4.241 
7-year 
-0.683 
-0.472 0.811 -4.461 ---- 0.314 
Trend 
-0.000062 -0.00058 -0.000003 -.000038 0.000088 0.00037 
Source: Author's calculations. 
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Table 5.5: ( continued) 
Vectors for Corresponding Cases of Cointegration 9-13 
Variables CASE9 CASE 10 CASE 11 CASE 12 CASE 13 CASE 14 
6-month ---- ---- ---- ---- ---- ----
1-year ---- -1.0 ---- -1.0 ---- -1.0 
3-year -1.0 ---- ---- ---- -1.0 0.614 
5-year 0.794 0.561 -1.0 ---- ---- ----
7-year ---- ---- 0.912 0.462 0.776 ----
Trend - - - - - -
0.000040 0.000081 0.000015 0.000096 0.000045 0.000067 
Source: Author's calculations. 
From these results, we conclude that the Chinese treasury bond market based on 
secondary market trades in Shanghai has an important characteristic in common with 
efficiently traded treasury markets in the United States. Various government 
benchmark bonds appear to trade in the secondary market with an underlying common 
trend. 
Error Correction Modelling 
Given the presence of cointegration, error correction modelling (ECM) is used to 
determine the relationship between different maturity benchmark bonds. 
When only exploring a relationship between two yields, we first estimate equation 
(5.18) and save the error term, E: 
TY=a+B~+EC (5.18) 




!1TY =A+ c5EC,_, + L¢1MY; ,,-j + E 
j=I 
(5.19) 
With the dependent variable (target yields) in a stationary first difference form, the 
independent variables (benchmark yields) on the RHS must also be in a similar 
.c 11 1orm . 
For multiple yields we follow a similar procedure, but adding additional benchmark 
yields to the RHS of the above equations. 
First we estimate: 
TY= a+BY; +BYk +BYm +BYO +BYq +E (5.20) 
Then, setting up the ECM, we estimate the following, again using OLS: 
J L N P R 
!1TY = A+c5EC,_l + L¢MY;,t-j + L rMYk,t-1 + L rM Ym,t-n + LljlMYo,t-p + L rMYq,t-r +E 
j=I l= I n=l p=I r= l 
(5 .21) 
L1TY = first difference of target yield 
EC r-1 = error correction term (E from equation (5.18)) , lagged one period. 
11 As outlined in Enders (1995) . 
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&3 Y = first difference of benchmark yields 
i, k, m, p, q signify the various benchmark yields (6-month, I-year, 3-year, 5-year, 7-
year) each lagged), l, n, p, r times, respectively. 
All ECMs were run with five lag values for benchmark yields. Insignificant lag 
variables were then dropped and the regression was re-estimated to yield the results 
shown in Table 5.6. 
Each column provides the coefficient of the regressor for a given time period and the 
standard errors are provided in brackets. Each regression was first run with five lags 
of each variable to ensure that the estimation was not missing any short-term effect. 
As most of these lag variables were not statistically significant, they were dropped. 
The model was then re-estimated with only one lag. In the case where a lag of a higher 
order was significant, all lags in between were retained. This estimation is represented 
in the (a) column. Lag values of order 1 are retained, despite their insignificance, to 
ensure that the model captures any short-term effects. Without these lag variables 
there is a risk that the short-term effects will be captured in the error correction term. 
If an error correction tenn is significant both with and without the lagged variables, 
we can be assured of its robustness. The model was then re-estimated to achieve the 
most parsimonious construction possible with only the significant lag variables 




Error Correction Model with the ~5-Y ear Yield 12 as the Dependent Variable: 
most parsimonious model. 
Regressors 1996-99 (a) 1996(a) 1996 (b) 1997 (a) 
Intercept -0.000072 ** 0.00017 * 0.00015 * -0.000109 * 
[0.000034] [0.000088] [.000083] [.0000681 
ECT (-1) -0.024 -0.284 *** -0.246 ** -0.060 
ro.0271 ro.1051 ro.o99l ro.19oJ 
l16-month (-1) ---- ---- ---- ----
L16-month (-2) ---- ---- ---- ----
l16-month (-3) ---- ---- ---- ----
l11-year (-1) 0.015 0.048 ---- 0.018 
[0.020] [0.049] [0.03 71 
l13-year (-1) -0.057 -0.193 ---- -0.062 
ro.o53l ro.179J ro.2141 
l15-year (-1) -0.008 0.051 ---- 0.132 
ro.1081 ro.2631 ro.5271 
l15-year (-2) ---- ---- ---- ----
l15-year (-3) ---- ---- ---- ----
l1 7 -year ( -1 ) 0.082 0.085 ---- -0.125 
r.0901 r.1231 ro.347J 
Adjusted R <O 0.044 0.0571 ~o 
Squared 
F statistic ~o 1.78 6.15 ** ~o 
Number of 722 86 86 242 
observations 
Notes: *** Significant at the 99 per cent level. ** Significant at the 95 per cent level. *Significant at the 
90 per cent level. 
Source: Author's calculations. 
12 l1 is defined as the yields at time t minus the yields at time t-1. 
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Table 5.6: ( continued) 
Regressors 1998 (a) 1998 (b) 1999 (a) 1999 (b) 
Intercept -0.000091 -0.000094 * -0.00012* - 0.000125* 
ro.0000571 ro.0000571 f .000071] [0.0000671 
ECT (- 1) - 0.077* -0.082 * 0.174 0.152 
[0.046] [0.0461 [0.171] [ 1591 
L16-month (- 1) ---- ---- - 0.014 ----
f0.023] 
L16-month (-2) ---- ---- - 0.004 ----
ro.o 18J 
L16-month (-3) ---- ---- - 0.042** - 0.049*** 
f0.0181 ro.o 151 
L11-year (-1) 0.028 ---- - 0.004 ----
ro.0481 f0.1321 
L13-year (-1) - 0.152 * ---- 0.020 ----
[0.0561 ro.312J 
L15-year (-1) 0.105 ---- - 0.153 ----
[0.2091 [0.315] 
L15-year (-2) ---- ---- 0.012 ----
f 0.0871 
L15-year (-3) ---- ---- 0.172* 0.188** 
f0.0891 [0.0851 
L17-year (-1) 0.093 ---- 0.219 ----
[0.2051 f0.213] 
Adjusted R 0.0162 0.0091 0.038 0.0718 
Squared 
F statistic 1.80 3.24* 1.54 4.50*** 
Number of 245 245 137 137 
observations 
Notes: Standard errors are given in brackets []. *** Significant at the 99 per cent level. ** Significant 
at the 95 per cent level. * Significant at the 90 per cent level. 
Source: Author's calculations. 
Then ECMs for pairs of yields were run as summarised in Table 5.7. An error 
correction model did not pick up any significant long-term relationships between the 
five-year rate and the rest of the market. There were several cases indicating both bi-
directional and uni-directional transmission effects between different parts of the 
market. 
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Table 5. 7: ECM for Pairs of Yields during the Full Time Period 
Regressor ~ I-year on ~ I-year on ~ I-year on ~ 3-year on ~ 3-year on 
~ 3-vear ~ 5-year ~ 7-vear ~ 1-year ~ 5-year 
Intercept -0.00010 -0.000099 -0.000098 -0.000082* -0.000063 
[0.0000931 f-0.000091 l f0.000092] [0.00005] [0.0000501 
EC (-1) -0.034 ** -0.018 -0.021 * -0.020** -0.022 
f0.0161 ro.0121 ro.0111 f0.0101 f0.0151 
~ I-year (-1) ---- -0.150*** -0.141 *** -0.033 ----
f0.01421 f0.040] [0.021] 
~ I-year (-2) ---- -0.209*** -0.172*** -0.054*** ----
f0.0421 f0.040] [0.021 l 
~ I-year (-3) ---- -0.019 ---- ---- ----
f0.0431 
~ I-year (--4) ---- -0.074* ---- ---- ----
[0.0421 
~ 3-year (-1) -0.114* ---- ---- ---- -0.223*** 
f0.0691 f0.0561 
~ 3-year (-2) -0.135* ---- ---- ---- -0.157*** 
f0.0691 [0.056] 
~ 3-year (-3) 0.097 ---- ---- ---- -0.089 
f0.0691 [0.056] 
~ 3-year (--4) -0.003 ---- ---- ---- ----
f0.0691 
~ 3-year (-5) 0.114* ---- ---- ---- ----
f0.0691 
~ 5-year (-1) ---- 0.217** ---- ---- 0.281 *** 
ro.1081 [0.080] 
~ 5-year (-2) ---- 0.216** ---- ---- 0.171** 
f0.1071 [0.080] 
~ 5-year (-3) ---- 0.166 ---- ---- 0.153** 
f0.1081 [0.081] 
~ 5-year (--4) ---- 0.097 ---- ---- -0.004 
f0.1071 f0.054] 
~ 5-year (-5) ---- 0.161 ---- ---- 0.103* 
f0.1071 f0.0541 
~ 5-year (-6) ---- -0.300*** ---- ---- ----
f0.0981 
~ 7 -year ( -1) ---- ---- 0.212* ---- ----
f0.111] 
~ 7-year (-2) ---- ---- 0.108 ---- ----
f0.111] 
~ 7-year (-3) ---- ---- 0.068 ---- ----
f0.1041 
~ 7-year (--4) ---- ---- 0.033 ---- ----
ro.1 o4J 
~ 7-year (-5) ----
---- 0.230** ---- ----
f0.103] 
~ 7-year (-6) ---- ---- -0.199* ---- ----
ro.1041 
Adjusted 0.0148 0.0615 0.0494 0.0103 0.0300 
R Squared 
F Statistic 2.79*** 4.91 *** 5.13*** 3.50** 3.46*** 
Number of 718 717 717 723 718 
Observations 
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Table 5.7: (continued) 
Regressor ~ 3-year on ~ 5-year on ~ 5-year on 
~ 7-year ~ l-year 13 ~ 3-year 
Intercept -0.000071 -0.000073** - 0.00008** 
[0.000050] [0.0000341 f- 0.000035] 
EC (- 1) -0.027** - 0.010* - 0.008 
ro.0121 [0.005] [0.012] 
~ 3-year (- 1) - 0.118*** ---- - 0.057 
[0.0431 f0.039] 
~ 3-year (- 2) ---- ---- 0.020 
[0.039] 
~ 3-year (- 3) ---- ---- -0.080 
[0.040] 
~ 3-year (-4) ---- ---- 0.050 
f 0.039] 
~ 3-year -5) ---- ---- 0.062 
[0.039] 
~ 5-year (- 1) ---- ---- 0.085 
f 0.0561 
~ 5-year (-2) ---- ---- -0.038 
[0.056] 
~ 5-year (- 3) ---- ---- 0.116 
[0.056] 
~ 5-year (-4) ---- ---- -0.051 
[0.056] 
~ 5-year (- 5) ---- ---- 0.00003 
f 0.0561 
~ 5-year (-6) ---- ---- -0.075 
[0.03 7] 
~ 7-year (-1) 0.175*** ---- ----
[0.067] 
Adjusted .0185 .003 .0132 
R Squared 
F Statistic 5.54 *** 3.19 * 1.80** 
Number of 722 723 712 
Observations 
Notes: Standard errors are given in brackets [ ]. * Significant at the 90 per cent level. ** Significant at 
the 95 per cent level. *** Significant at the 99 per cent level. 
Source: Author's calculations. 
Discussion of Results 
Attempts were made to find a relationship between the Li 7 and the Li 1 yeilds, the Li 7 
and the Li3 yields, and the Li 7 and the Li5 yields, but error correction models with the 
13 Regression results are meaningless unless we drop all lagged~ variables. When lagged variables ~5 
(-1) and~ 1 (-1) are included, the F-statistics are not even remotely significant and the Adjusted R 
Squared is negative, although, the EC terms remain significant. 
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~ 7-year yield failed to produce any meaningful results. 
Results from the error correction model provide information about relationships 
between pairs of benchmark yields along the curve as well as relationships between 
the entire curve and a given target yield. In this case, the target yield is the five-year 
benchmark yield. Interestingly, we observe that, over the full period, the ECM does 
not measure signs of significant long-term relationships between a given yield and the 
other parts of the yield curve ( comprised of the other benchmark yields). When we 
disaggregate by years ( 1996-99) we observe that for 1996 and 1998 the relative levels 
of the various benchmark yields drive the long-term levels on the five-year yield. For 
1997 and 1999, no such statistically significant relationship exists. One major change 
in 1999 that could partially explain this lack of relationship in 1999 was the exclusion 
of banks from directly trading in this market. The exclusion of these trading agents 
will only decrease the efficiency of such markets. Furthermore, the remaining agents, 
state-owned firms and brokerages are mainly involved in the bond market as a means 
to speculate on the equity markets, using government bonds as collateral for equity 
trading. It is possible that the banks were less involved in such equity speculation -
although it did occur to some extent - and were more interested in holding treasury 
bonds as part of managing their liability schedules. 
There are several possible explanations for the behaviour of yields in 1997. The most 
likely is that the diminished importance of this market and the consequent dramatic 
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drop-off in the number of bonds traded in that year led to the loss of market efficiency. 
Without an efficient market the bonds did not trade like a 'yield curve' as there was 
no underlying common trend between the various benchmark yields. Another possible 
explanation for the behaviour of yields in 1997 is the onset of the Asian crisis, which 
disturbed market-trading behaviour. Since the Asian debt markets began to recover in 
1998 - except for the effects of the Russian debt crisis in August 1998 - the market 
returned to trade along relationships that were observed in 1996. This last explanation 
requires additional testing to determine whether the debt market is segmented or 
integrated with global debt markets. 
Throughout the entire period and over different sub-periods, the ECMs pick up several 
distinct relationships among sub-sections of the market. The three-year and one-year 
rates have a significant bi-directional long-term relationship over the full period. That 
is, the error correction term is significant in both cases. There are several uni-
directional relationships: (1) the seven-year rate on the one-year rate, although the 
one-year rate does not affect the seven-year rate over the long term; and (2) the one-
year rate affects the five-year rate but the reverse is not the case. All other possible 
combinations do not reveal any significant long-tenn relationships. 
These 'sporadic' relationships see1n to imply that at some times and between some 
securities there are long-tenn relationships along various parts of the yield curve that 
are similar to those observed in the developed US Treasury market. However, these 
relationships are sporadic and not uniform. This makes intuitive sense given that the 
Chinese debt 1narket has yet to develop fully. In addition to the underdevelopment of 
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the market, the limited number of securities trading at a given time further explains 
why there are not consistently significant relationships across the curve. Thus, we can 
conclude that, unlike the US Treasury curve, the Chinese market does not operate as a 
uniformly efficient system rather it acts as a 'sporadically' efficient system, exhibiting 
signs of cointegration but lacking consistency over time and between securities. 
It appears that volume has an important effect on the behaviour of the treasury market 
in China, as logic would indicate. In 1996, average trading volume was significant as 
the government promoted treasury bond trading on the Shanghai exchange and there 
were numerous bonds traded on this market. In 1997, however, as new debt was not 
issued to replace maturing bonds, trading volume fell significantly. It is quite possible 
that, without equivalent volume levels to 1996, relationships observed in 1996 could 
not persist. In 1998, volume picked up again, and this could explain the return of 
relationships observed in 1996. 
Segmentation between the long and short end of the curve is seen in developed 
markets such as the US market, as outlined in Chapter 2. It is important to note that in 
the Chinese context these changes in segmentation appear to occur alongside changes 
to the market structure and volume. Furthermore, even when ECMs pick up 
relationships between various parts of the market, none of these has significance 
levels similar to those observed by Bradley and Lumpkin (1992) in the US market. 
ECMs in Bradley and Lumpkin (1992) had Adjusted R squared values consistently 
greater than 90 per cent whereas the Adjusted R squared values in the ECMs 
presented here are all less than 10 per cent. The lower coefficients of determination in 
/ 
ECMs run on Chinese bond market data versus those found in the United States are 
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consistent with China's status as an underdeveloped market. 
Global Integration 
As discussed in Chapter 4, China's return to the global capital markets included a 
return to international debt markets. Initially, international borrowing was done 
through the ITICs, but in 1996 the Ministry of Finance issued China's first global 
bond. Since then, China has issued a number of such instruments, underwritten by 
international investment banks and placed globally. Since China's global bonds have 
the same credit risk as do1nestic treasuries and are written on the same cash flows 
(general tax revenues of the central government), testing for cointegration 
relationships between the local and global bonds will allow us to assess whether 
China's fixed income markets are internationally segmented. 14 In China's case, a 
closed capital account legally dividing the ownership of domestic and global bonds 
between domestic and foreign investors respectively would theoretically imply that 
these markets are segmented. However, anecdotal trading evidence in the foreign 
exchange market and econometric analysis in the equity markets indicate otherwise, 
thus providing the impetus for more formal testing. 
The next section will use daily time series price and yield data collected fro1n 
Bloomberg on the four global bonds described in Table 5.8. 
14 The fixing of the US dollar to the Chinese yuan eliminates any significant currency effects. 
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Table 5.8: Global Bond Details 
Bond Name Coupon Final Call Status Face Value 
Maturity (US$ million) 
Global 2001 7.375 per cent 3/7 /01 Non call life 700 
Global 2004 6.5 per cent 17/2/04 Non call life 1,000 
Global 2006 7.75 per cent 5/7 /06 Non call life 300 
Global 2008 7.3 per cent 15/12/08 Non call life 1,000 
Source: Author's compilation from Merrill Lynch, 1999, Asian Strategy Monthly, various issues. 
The global bond due in 2002 was excluded due to extremely thin trading15 and the 
global bond due in 2096 was excluded because its final maturity value well exceeds 
any securities traded in the domestic market. 
Like the preceding cointegration analysis on the domestic yield curve system, 
cointegration analysis between global and local bonds first requires unit root tests. 
Unlike domestically traded bonds, global bonds appear already to be stationary in their 
yields. Charts 5.3 and 5.4 provide a comparison between bond yields in each market. 
Each chart maps the bond yields of a global bond and one or two corresponding 
domestically trade bonds with roughly the same final maturity date over time. This 
15 This bond would often not trade for weeks at a time whereas the other bonds were traded daily 
(expect in a few cases where trades did not occur for one or two days). 
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matching follows a conventional relative value investment approach that compares 
spreads on assets with similar maturity values and credit risk. 
Chart 5.3: Yield Comparison between Domestic 
and Global Bonds of Comparable Maturity: part 1 
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Source: Author's calculation based on data provided by the Shanghai Securities Central Clearing and 
Registration Corporation and Bloomberg, 1999. 
Chart 5.4: Yield Comparison between Domestic 
and Global Bonds of Comparable Maturity: part 2 
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Charts 5 .3 and 5 .4 reveal that, except for a short period around the Russian debt 
default of August 1998, the yields on the global bonds are generally stationary around 
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the 7 per cent level. Dickey-Fuller and ADF tests using equations (5.1) and (5.2) 
without the first difference operators to test for unit roots confirm these observations, 
finding that all the global bonds are stationary in their levels. Intervention by the 
central government through the state banks permitted to invest in the global bond 
markets could drive the stationarity of bond yield levels. Market participants have 
claimed this intervention is actively aimed at supporting the price of the global bonds 
to near par. In the short term, such intervention appeared unable to offset selling 
pressure fully during the Russian crisis, but Charts 5.3 and 5.4 indicate this activity 
might have been successful over the medium to long term. 
In the event that an integrating relationship does not exist because of slight maturity 
mismatches between the global and corresponding local bonds, benchmark yields for 
the global bonds were calculated using the Piece-wise linear method described in 
equation ( 4.4) to facilitate an exact comparison. Chart 5.5 illustrates these benchmark 
bond yields. 
Chart 5.5: Chinese Global Bond Benchmark 
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Dickey-Fuller and ADF tests were performed on the benchmark yields but like the 
results on the traded assets, these tests could not reject the null hypothesis that the data 
were stationary. The results of these tests are reported in Table 5.9. Whereas both the 
underlying and benchmark yields for the local bonds were only stationary in their first 
differences but non-stationary in their levels, a completely different statistical process 
operates within the global bonds. These different underlying statistical processes 
indicate that each market operates independently of the other - that is, the global and 
local Chinese bond markets are segmented. 16 The one exception was during the period 
surrounding the Russian debt crisis in August 1998 where both sets of data appeared 
to follow similar statistical processes of non-stationarity in their levels. This case will 
be examined separately later. 
Table 5.9: Global Benchmark Bond Yield Unit Root Test Results for Levels 
Dependent Columns (1) and (3) use equation (5.1) and columns (2) and (4) use equation (5.2). with the 
Variables: exclusion of first difference operators in equations ( 5 .1) and ( 5 .2) 
levels of 
benchmark Sample Period with intercept with intercept with intercept with intercept 
yields [number of and no trend and trend and no trend and trend 
observations] [k value =0] 17 [k value =OJ [k value] [k value] 
(1) (2) (3) (4) 
3-year yield 7 /2/98 - 8/16/99 -4.51 ** -4.58** - 3.76** -3.81 ** 
[240] [ 1] [ 1] 
5-year yield 8/2 7 /96 - 8/ 16/99 -3.56** -4.00** - 3.38** -3.82** 
[717] [5] [5] 
7-year yield 8/27 /96 - 8/16/99 - 3.72** -3.75** -4.02** -3.86** 
[721] [4] [5] 
Notes: ** Significantly rejects the null hypothesis of a unit root at the 95 per cent level. Tested against 
Dickey-Fuller critical values as computed by Microfit 4.0. 
Source: Author's calculation. 
16 Given the significantly different statistical process in operation in each market, further econometric 
tests used to explore relationships between the respective markets would be unproductive. It is 
important to also note that Johansen cointegration analysis can not be performed on time series data 
where one vector of endogenous variables is 1(0) and another is 1(1 ). 
17 A k value set equal to zero collapses the ADF equation (5.2) into the Dickey-Fuller equation (5.1). 
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A visual inspection of the relationship between the local and global benchmark yields 
strongly suggests that the two markets are segmented. The time series comparison of 
global and local benchmark yields in Charts 5.6, 5.7 and 5.8 provide a further 
illustration that global and local bonds do not appear to have a cointegrating 
relationship. The scatter plot diagram given in Chart 5.9 confirms this assessment. 
Chart 5.6: Comparison of Global and Local 
Benchmark Yields: 3-year maturity 
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Chart 5.7: Comparison of Global and Local 
Benchmark Yields: 5-year maturity 
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Chart 5.8: Comparison of Global and Local 
Benchmark Yields: 7-year maturity 
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Chart 5.9: Illustration of Non-Cointegration 
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Source: Author's calculation based on data provided by the Shanghai Securities Central 
Clearing and Registration Corporation and Bloomberg, 1999. 
Over the time period, domestic bond yields are consistently falling, but the global 
yields remain relatively constant. Table 5 .10 and Chart 5 .10 summarise a comparison 
between the two sets of benchmark yields. Chart 5.10 illustrates the daily spread 
difference between the three-, five- and seven-year global and local benchmark yields. 
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Table 5.10: Comparative Statistics between Local and Global Benchmark Yields 
Benchmark Average Minimum Maximum Period 
Yield (per cent) Yield (per Yield (per 
cent) cent) 
Global 3-year 6.93 6.21 8.25 2/7 /9 8 - 16/8/99 
Local 3-year 7.05 1.04 11.04 27/8/96 -
16/8/99 
Global 5-year 6.98 6.38 8.44 27/8/96 -
16/8/99 
Local 5-year 7.10 2.92 10.89 27/8/96 -
16/8/99 
Global 7-year 7.09 6.61 8.81 27/8/96 -
16/8/99 
Local 7-year 7.07 3.08 10.69 27/8/96 -
16/8/99 
Source: Author's calculation based on data provided by the Shanghai Securities Central Clearing and 












Chart 5.10 : Difference in Spread between Global 
and Local Benchmark Yields Over Time 
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Clearing and Registration Corporation and Bloomberg, 1999. 
While yields of similar maturity bond yields might not exhibit a cointegrating 
relationship, it could be that a different type of relationship exists between the two 
markets. One such relationship could be between the slopes of the two yield curves. 
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Chart 5 .11 illustrates the changes over ti1ne in the steepness of the curve between the 
three- and seven-year global benchmark yields. Periods where the spread is less than 
zero are indicated by an inverted curve. Chart 5 .12 illustrates the same measure of 
steepness but for the local bond yield curve. Given that the spread between the short 
and long ends of the yield curve can provide information about expectations of future 
rates, it is appropriate to see if there is a cointegrating relationship between these 
spreads as an indication of more general market integration. Comparing the spread 
between the long and short ends of the curve is also a common relative value 
investment technique used in the portfolio management industry. 
A look at these charts indicates that while the global curve remained concave for most 
of the sample period, the local bond curve was frequently inverted. Furthermore, when 
the global curve became inverted around the time of the Russian debt crisis it quickly 
reverted to a positive slope, unlike the local curve, which remained inverted until late 
in 1998. Also, in 1999, the steepness of the local curve greatly exceeds that of the 
global curve and in mid-1999 the slopes of the two curves have opposite signs. This 
adds support to the argu1nent that the two markets are highly segmented. The scatter 
plot in Chart 5 .13 is also useful to illustrate the lack of a co1nmon underlying 
cointegrating relationship across the steepness spread between the two yield curves. 
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Chart 5.11: Steepness of Global Bond Benchmark 
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Chart 5.12: Steepness of Local Bond Benchmark 
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Source: Author's calculation based on data provided by the Shanghai Securities Central 
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The Russian Debt Crisis 
On 17 August 1998, the Russian government declaration of a debt moratorium put the 
Russian government debt into default. The result was a dramatic rise in risk spreads 
throughout the world and across-the-board selling of debt instruments from what were 
considered to be emerging markets, including China. 18 As mentioned earlier, this 
crisis appears to be the one instance where both the global bonds are non-stationary in 
their levels, suggesting that for this crisis period the bond markets might have behaved 
in a similar manner. To capture the spread-widening effects of this crisis, illustrated in 
Charts 5.6-5.8, a sub-period fro1n the beginning of August through the end of October 
is selected for study. Again, using equations 5.1 and 5.2 to conduct unit root tests, DF 
and ADF test statistics reject the null hypothesis of stationarity in the level of the 
yields but accept the hypothesis in the first difference of the yields. These results are 
summarised in Tables 5.11 and 5.12. 
18 The US Department of Treasury (1999) discusses the impacts of the Russian crisis on global bond 
spreads in the context of its assessment of the collapse of Long Term Capital Management (L TCM). 
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Table 5.11: Unit Root Test Results During the Russian Debt Crisis for the Levels 
of Global Benchmark Bond Yields 
Dependent Columns (1) and (3) use equation (5.1) and columns (2) and (4) use equation (5.2) with the 
Variables: exclusion of first difference operators in equations (5.1) and (5.2) 
levels of 
benchmark Sample Period with intercept With intercept With intercept with intercept 
yields [number of and no trend and trend and no trend and trend 
observations] [kvalue =0] 19 [kvalue =OJ [k value] [kvalue] 
(1) (2) (3) (4) 
3-year yield 8/3/99 - 10/30/99 -2.41 - 2.99 - 0.94 -1.51 
[631 [5] f5l 
5-year yield 8/3/99 - 10/30/99 - 1.25 -1.76 - 1.23 - 1.62 
r 631 [5] [5] 
7-year yield 8/3/99 - 10/30/99 -0.97 - 1.73 - 1.25 - 1.77 
[63] [51 [5] 
Notes: ** Significantly rejects the null hypothesis of a unit root at the 95 per cent level. Tested against 
Dickey- Fuller critical values as computed by Microfit 4.0. 
Source: Author's calculation. 
Table 5.12: Unit Root Test Results During the Russian Debt Crisis for the First 
Diff ere nee of Global Benchmark Bond Yields 
Dependent Columns (1) and (3) use equation (5.1) and columns (2) and (4) use equation (5.2). 
Variables: 
First 
difference of Sample Period with intercept with intercept With intercept with intercept 
benchmark [number of and no trend and trend and no trend and trend 
yields observations] [k value =0] 20 [k value =OJ [k value] [k value] 
(1) (2) (3) (4) 
3-year yield 8/3/99 - 10/30/99 -9.62 ** - 9.58 ** - 3.21** - 3.42 ** 
[63] [5] [5] 
5-year yield 8/3/99 - 10/30/99 - 6.33 ** - 6.36 ** - 3.22** - 3.40 ** 
[63] [5] [5] 
7-year yield 8/3/99 - 10/30/99 - 9.24 ** - 9.40 ** - 2.56 ** - 2.62 ** 
[63] [5] 
Notes: ** Significantly rejects the null hypothesis of a unit root at the 95 per cent level. Tested against 
Dickey- Fuller critical values as computed by MicroFit 4.0. 
Source: Author's calculation. 
Unit root tests for the local benchmark yields were also performed and as with all 
prior tests for these yields, they proved non-stationary in the levels and stationary in 
the first difference. Since these global benchmark yields share a similar statistical 
process to the local benchmark yields in this time period - that is, both sets bond 
19 A k value set equal to zero collapses the ADF equation (5.2) into the Dickey-Fuller equation (5.1). 
20 A k value set equal to zero collapses the ADF equation (5.2) into the Dickey-Fuller equation (5.1). 
[5] 
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yields are I( 1) stationary - we can proceed with the same type of cointegration testing 
performed between various benchmark local bond yields. Equation ( 5 .17) was 
estimated where Yr is an my x 1 vector of jointly determined endogenous I(l) yields, 
paring corresponding maturity global and local benchmark yields. This analysis will 
estimate equation ( 5 J 7) over the crisis period three separate times to test each pair of 
similar benchmark bond yields. 
Based on testing coefficients against both the maximal Eigenvalue of the stochastic 
matrix and the trace of the stochastic matrix the null hypothesis of non-cointegration 
could not be rejected in each case. While during this period both sets of bond yields, 
domestic and global, share the similar statistical characteristic - being I( 1) stationary 
- they do not move over time with a common underlying trend. 
In addition to the preceding cointegration tests, the data show different degrees of 
spread widening from the beginning of August to the end of August when spreads hit 
their peaks. Average spreads of the three benchmark yields widened an average of 125 
basis points for the global yield curve and only 48 basis points for the local yield 
curve. While the widening occurred relatively evenly across all maturities in the 
global bond market, spread widening occurred primarily in the short end of the local 
curve. Furthermore, while global bond spreads returned to their pre-crisis levels 
within a month of the crisis, it took the local bond spreads until early to mid-
December to return to pre-crisis levels. 
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Discussion of Results 
There are several possible explanations for the segmentation between Chinese global 
and local bond markets. First, while some of the major state Chinese banks invest in 
the global Chinese bond markets, the pools of money available to Chinese 
institutional investors to invest in the global bond markets are separated from those 
pools designated for investment in the local markets. Money designated for 
investment in the global bond markets must get special approval and is managed by 
separate areas within Chinese institutions from those responsible for local 
investments. Foreign investors were legally forbidden from participating in the local 
bond market over the periods analysed. Second, while official segmentation does not 
preclude illegal crossover investing, there is little profit incentive for such activities 
anyway. Total returns in both asset classes are limited and low volatility makes active 
trading strategies unprofitable. Third, the types of institution involved in each market 
are large professional asset managers with limited involvement by boutique 
investment firms of small investors. The mobility of such large institutions to invest 
across borders is constrained by in-house legal compliance procedures. 
Conclusion 
While the presence of a com1non underlying trend and the long-run price transmission 
interaction of different maturity bonds in the domestically traded bond market is 
similar to the behaviour of secondary bond markets in developed markets, the 
presence of this trend is not consistent across all time periods. Even when this 
cointegrating relationship is present, the relationship between short dated bonds to 
predict changes in long dated bonds ( and vice versa) is very weak. 
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Further tests indicate that the domestically traded bond market appears to operate in 
isolation from the globally traded bond market. Since sovereign debt instruments are 
only one of several asset classes simultaneously traded in domestic and international 
markets, further e1npirical analysis is necessary to study the issue of asset market 
segmentation more comprehensively. The equity markets operate under a significantly 
different market environment from the debt markets - with comparatively low levels 
of government intervention and higher private profit incentives - so that empirical 
study of these markets provides a useful complement to the capital market 
segmentation analysis presented in this chapter. The case of the equity markets is 
examined in the following chapter. 
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6 Analysis of China's Secondary 
Equity Market Behaviour 
On 1 July 1997, Hong Kong returned to mainland China after over one and a half 
centuries as a British colony, formalising an administrative relationship that had been a 
prospect since 1984. This provided a more secure political foundation for the deepening 
economic integration that had received huge impetus from the 1984 Sino-British 
agreement on Hong Kong and from the post-1978 economic reforms in China. This 
'merger' of political, trade, investment, and financial systems between a developing and 
developed economy has few parallels in recent history and presents policymakers with 
many challenges and questions in managing the coordination of the two economic and 
political systems within one country. 
In part, the mainland Chinese government has approached Hong Kong and its 
interaction with the mainland economy in much the same way as it dealt with the 
internal development of market institutions with its socialist planned economy by 
developing under two systems or along two tracks. The deep connections between the 
peoples and economies of Hong Kong and the mainland complicate the separate 
management of the two economies. While the movement of labour between them is 
severely restricted, the interaction through business people, trade, and capital cannot be. 
Official segmentation of the Hong Kong and Chinese capital markets is particularly 
problematic. 
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How is the relationship between the financial markets in mainland China and Hong 
Kong developing? What evidence is there that developments in the Hong Kong market 
are effectively transmitted to the mainland markets or vice versa? In particular, what is 
the relationship between developments in the equity markets in both economies. 
These are important questions in their own right, but they have additional salience to 
policy markets responsible for macroeconomic management in two economies that are 
undergoing a process of such rapid integration. 
Earlier chapters examined the relationship between domestic and international debt 
markets in China. This chapter focuses on the relationship between domestically and 
internationally traded Chinese equities ( specifically between mainland listed A shares 
and Hong Kong listed H shares) and seeks to identify similarities in pricing and the 
extent of integration between mainland China and Hong Kong. Before proceeding to the 
empirical analysis, some background on the operation and development of China's 
equity markets is necessary. 
China's Equity Markets 
Primary issuance 
Before the opening of the Shanghai and Shenzhen Stock Exchanges in December 1990 
and April 1991, respectively, China began to issue non-tradable ownership shares as 
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early as 1984 when it issued non-tradable employee shares for a Beijing state-owned 
department store. Over the next five years, other state-owned enterprises (SO Es) issued 
shares after being incorporated, and joint stock companies began to e1nerge. By the end 
of 1998 the total market capitalisation of over two trillion yuan for the 851 listed 
companies on the Shanghai and Shenzhen exchanges signified the importance of these 
markets as a source of capital. 1 
Once stock exchanges were opened, domestic investors were restricted to the A share 
markets, where multiple classes of shares are issued. 'Tradable A shares', which 
constitute a minimum of 25 per cent of total shares at the time of the initial public 
offering but rarely make up a controlling stake, are the only class of shares that can be 
traded. The government often holds a controlling interest in listed firms through its 
direct ownership of non-tradable state shares, while the remaining shares are distributed 
between other non-tradable legal person shares - owned by domestic institutions -
and employee shares. To tap foreign investment sources under a closed capital account 
regime, China also developed a B share market in Shenzhen and Shanghai exclusively 
for foreigners. While an investor's citizenship restricts the ownership of different shares, 
the cash flows and legal reporting requirements are essentially the same between the 
different classes of tradable shares. 
1 Figures from Data Stream. See Xu and Wang (1997) , Bei, Koontz and Lu (1992), Mookerjee and Yu 
(1995) and Chen (1994) for other studies on the development of China's capital markets. 
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Foreigners can also invest in Chinese firms through H shares listed in Hong Kong, N shares 
listed on the New York Stock Exchange and Red Chip stocks listed in Hong Kong. Red Chip 
stocks are issued by Hong Kong firms whose cash flows are mainly derived from mainland 
Chinese operations and are essentially considered as Chinese stocks by the market. 2 
The central government continues to set annual stock issuance and provincial quotas, 
and these quotas are often under pressure from banks and other government bodies, 
which depend on public deposits and public debt issuance and are thus afraid of 
potential crowding out. In addition to several objective requirements necessary for a 
firm to issue stocks, many domestic market participants attach a great deal of 
importance to political decisionmaking in the selection process. 3 Access to initial public 
offerings also remains very restricted and has been a large element in corruption 
scandals over the last few years (Green 2000). 
Trading 
All secondary market activity was pushed into the black market until the official 
exchanges were opened, and even today cities such as Shenyang and Chengdu have 
2 The Asian crisis decreased activity on the H share market; in 1998 only two new H shares were issued 
(Huaneng Power and Yanzhou) and one Red Chip (Zhu Kuan development), down from 1997 where there 
were 16 H share listings raising HK$32.04 billion and ten Red Chips, raising HK39 billion. And while the 
Red Chip, and to a lesser extent, the H share market stagnated in 1999 due both to the effect of GITIC's 
collapse on investor confidence in China and overall stagnation of the Hong Kong and Chinese 
economies, a recovery of China's economy will likely bring about a heavy calendar of new issues in both 
these markets in the coming years. 
3 Objective requirements are: a minimum capitalisation of over fifty million yuan; 25 per cent sale to the 
public; over 500 shareholders, with any shareholder holding over 5 per cent being registered and 
approved; and the company must have shown a profit for the last three years. 
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informal stock markets. As seen in Chart 6.1, total trading volumes illustrate the level of 
activity in these markets and show their relatively high liquidity. Total trading volume 
in A and B shares for the Shanghai and Shenzhen stock exchanges over the 12 months 
ending 14 December 1998 reached US$301.5 billion. The B share market is clearly of 
secondary importance and Shanghai is clearly much larger than Shenzhen; weekly 
trading volume for 1998 was 39 per cent higher in Shanghai. Since according to the 
government currently restricts trading on approximately two thirds of the A shares on 
both the Shenzhen and Shanghai exchanges (N eoh 2000), total market liquidity is well 
below its full potential. 
In many respects, China's stock markets are remarkably well developed given their very 
recent emergence. One day trade settlements (T + 1) in the A share markets with a 
limited guarantee fund set up by trading members have helped prevent wide-scale 
systemic shocks to this market.4 However, the settlement system run by limited liability 
private sector corporations needs to be reformed as these corporations lack guaranteed 
funds in the case of wide-scale defaults. A simultaneous payment system ( as opposed to 
an end-of-the-day payment delivery system) would further limit default risk at an 
individual level and, potentially, at the system-wide level. 
Financial market observers often describe these markets as chaotic and speculative in 
their price movements (Chart 6.2 illustrates total returns in the respective markets). 
4 The B share market's settlement period of T + 3 is largely a function of exchange rate non-convertibility 
and an underdeveloped custodian system in this market. 
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Some observers claim the behaviour of these returns is due to the speculative and 
untrained nature of local retail investors. Market manipulation, incomplete disclosure of 
financial statements, the regulatory structure of these markets and government 
interference appear to be more significant causes of this behaviour. Moral hazard 
problems due to nu1nerous government capital injections to troubled state firms listed 
on both exchanges further distort market trading behaviour. 
Regulation of these markets has been exceedingly difficult and massive price spikes 
with recurrent cases of insider trading have characterised the domestic market's trading 
activity. Issuance quotas, and the limited supply of equities despite the excess of 4 
trillion yuan in savings contribute to the market's high volatility in the short term. 
Incorrect pricing of initial public offerings and suspect distribution often result in price 
movements of over 100 per cent within the first two weeks of trading after issue ( see 
Charts 6.3 and 6.4). While the World Bank (1995) found that A shares tended to be 
systematically under-priced, empirical observations of the trading immediately 
following the initial public offering since 1994 indicate that both under and overpricing 
occur. Neoh (2000) has also found the systemic mispricing of initial public offerings. 
While Chinese authorities have prevented equity short selling in an attempt to stabilise 
the 1narket, the lack of an equity repurchase market greatly limits the abilities of 
domestic institutions to manage portfolio risk and hinders the development of 
risk-managed underwriting activities. 5 Over the years, the government has also imposed 
5 Without a repo market, investors can not short-sell securities to hedge positions. 
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ad hoc restrictions on new share listings and daily price volatility bands - occasionally 
limiting daily prices changes to between 5 and 10 per cent of their opening value. 
If properly enforced by the Securities Regulatory Commission, the landmark securities 
law Article 214 of December 1998, which took effect from 1 July 1999, provides the 
first standardised country-wide regulations to help correct these problems. It does this 
by imposing stricter financial reporting guidelines, insider trading regulations, the 
separation of underwriting and trading activities, and the separation of client and 
proprietary accounts. Market sources on both exchanges indicate that little of this new 
law has actually been enforced as of October 1999.6 
Domestic Behaviour and Global Integration 
Despite the official segmentation of the Hong Kong and mainland Chinese capital 
markets, casual observation and a priori reasoning would suggest that these markets 
could be integrated. Chinese and Hong Kong trading sources confirm that indirect 
participation of non-resident Chinese in the A share market and mainland residents in 
the Hong Kong market is feasible and does occur despite government foreign exchange 
and legal restrictions. 7 Execution of trades through investment houses funded by cross-
national capital or simple trades done by friends or relatives with different citizenship 
can circumvent controls. Cross-national trading between Hong Kong Chinese and 
mainland traders in Shenzhen or vice versa is especially common, although periods of 
6 This information was obtained through a series of conversations with market participants and authorities. 
7 Interviews in Shanghai, Shenzhen, and Hong Kong with domestic and international portfolio managers 
and traders in 1998 and 1999. 
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strict government enforcement can temporarily limit these activities. Statements by the 
Chinese Central Bank in late December 1998 demanding renewed and better 
enforcement of citizen restrictions in the A share markets indicate that these guidelines 
have often failed. 8 Finally, cross-border stock price information flows helps facilitate 
integration. 
Chart 6.1: Total Weekly Trading Volume for 
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Companies. This analysis uses daily equity price data from all companies that are cross-
listed in both the Hong Kong H share and mainland Chinese A share markets, with the 
exception of Yanzhou Coal Company because its recent issuance gives too few days of 
mutual A and H share trading. The capitalisation and trade volume in these company 
stocks are summarised in Table 6.1. 
By using a range of companies that encompass different industries, trading volumes, 
exchange listings, dates of initial issue and market capitalisation amounts, this analysis 
tries to limit the potentially idiosyncratic and specific firm-level effects when 
extrapolating to more macro-level conclusions. Average trading volumes appear 
sufficient to ensure that reasonable market price adjustments occur on a daily basis, 
minimising the effects of inner weekly trading patterns. Aggregated index-level data 
hide real price effects through aggregation procedures and clutter the final analysis with 
the extra white noise and cross-price effects within the indexes. Accordingly, this case 
study approach using individual company data aims to provide more reliable firm-
specific results that can be used to derive implications for policy. 
Stock and Index Data. Daily prices adjusted for dividends and capital gains are 
compiled from Data Stream for each of the 13 stocks from the earliest date when the A 
and H shares are si1nultaneously traded. Since all stocks are listed and traded in their 
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Table 6.1: Company Profiles (ordered by A share market capitalisation) 
Company Industry Market Average Daily Trade Start Date of 
Capitalisation Volume ('000 since AandH 
(millions, local issue date) Simultaneous 
currency units9) Trading 
daily average since 
. issue 
f value at 18/9/981 
A share H share A share H share 
Jinlin Chemical Chemical 22,937 1,238 1,369 16,748 15/10/96 
f13,5281 f3571 
China Eastern Transport 16,486 2,381 5,358 34,906 5/11 /97 
Airlines [11,550] [744] 
Maanshan Iron Metals and 12,926 2,974 13,997 13,380 6/01/94 
and Steel Mining [9,586] [511] 
Yizheng Chemical 11,960 2,602 7,907 18,849 11/04/95 
Chemical [8,892] [672] 
Tianjin Bohai Oil Oil and 4,421 305 3.064 7,282 30/06/95 
Natural Gas [3,267] [99] 
Nanjing Panda Technology 3,738 327 629 2,402 18/11/96 
f2,7711 f791 
Tsingdao Food and 3,287 1,309 1,876 1,962 27/08/93 
Brewery Beverage [2,882] [368] 
Jingwei Textiles Textiles 2,180 176 628 2,297 11 /12/96 
[1,531] [50] 
Beijing Y anhua Chemical 1,787 1,607 1,062 33,258 25/06/97 
Petrochemical [1,265] [567] 
Beiren Printing Publishing 1,535 224 1,473 823 6/05/94 
[1,4761 f491 
Guangzhou Transport 1,459 377 601 3,926 28/10/93 
Shipping [1,228] [58] 
Kunming Industrial 695 107 2,242 479 3/01/94 
Machinery [1,246] [18] 
Source: Author's calculations based on data from Data Stream. 
9 Market capitalisation= (number of shares)x(market price) adjusted for new tranches. 'A share' currency 
is Chinese yuan with an average value per US$ since 7 / 15/93 of 8.1502 (standard deviation of 0.7833, 
minimum of 5.7190, maximum of8.7073). 'H share' currency is Hong Kong dollars with an average 
value per US$ since 15/7/93 of7.7367 (standard deviation of0.0083 , minimum of7.7160, maximum of 
7.7838). As of 8/19/98 the yuan per US$ and HK$ per US$ exchange rates were 8.2798 and 7.7495, 
respectively. 
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domestic currency - Hong Kong dollars for H shares and Chinese yuan for A shares -
each stock's daily closing price is converted into US dollars at the given day's closing 
exchange rate to provide uniformity to the analysis. 10 After the conversion to US 
dollars, the natural log of each stock value, ln(P J, is taken for use in cointegration 
analysis. For unit root and error correction modelling the natural log difference of each 
value, ln(P/ P,_1), is taken to represent daily cumulative total returns, as summarised in 
Tables 6.2 and 6.3. 
Equity index data are also compiled for the Hong Kong, mainland Chinese, and 
Japanese markets. These data are provided in US dollars and then logarithmically 
transformed in a similar manner. Since an individual stock is a component of the index, 
the index return will include the individual stock return's effect when regressing a 
stock's return on an index return, this research follows an adjustment mechanism used 
by Jorion and Schwartz (1986) to isolate the true index effect and avoid both direct and 
indirect stock effects on the index. 
This process is shown below, where the unadjusted index returns for China, RT CHINA, , 
and Hong Kong, RT HONGKONG,,, are regressed on each stock i's corresponding A and H 
1
° Currency effects should not play a significant role in this analysis because: 1) most empirical stock 
market studies do not find a significant currency effect from the yuan's maxi-devaluation on 5/1 /94, see 
Heaney et al. (1998:2) the vast majority of analysis in this paper takes place after the 5/1 /94 devaluation 
since which the Chinese yuan has maintained a very stable exchange rate relative to the US dollar; and 3) 
Hong Kong's currency board exchange rate regime directly linking the Hong Kong dollar to the US dollar 
has provided nearly complete stability over the period studied in this paper. 
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Table 6.2: Company Daily Cumulative Return Summary Statistics 
Std. Number of 
Mean Minimum Maximum Deviation Observations 
Beijing Yanhua A 4.878E-04 -.11 .15 3.426E-02 482 
Beijing Yanhua H 
-3.61 E-03 -.23 .25 6.489E-02 298 
Beiren Printing A -2.50E-04 -.28 .35 4.135E-02 1116 
Beiren Printing H 
-1.32E-03 -.30 .22 3.802E-02 1311 
China Eastern Airlines A -3.62E-03 -.11 .06 1.953E-02 203 
China Eastern Airlines H -2.8E-03 -3.1 E-01 2.1 E-01 5.0E-02 398 
Guangzhou Shipping A -7.74E-04 -.36 .30 4.058E-02 1252 
Guangzhou Shipping H -1.43E-03 -.24 .28 4.176E-02 1311 
Jingwei Textile A -2.65E-03 -.11 .10 3.480E-02 438 
Jlngwei Textile H -2.48E-03 -.24 .27 5.113E-02 661 
Jinlin Chemical A 
-1.37E-03 -.15 .40 4.315E-02 479 
Jinlin Chemical H 
-1.80E-03 -.25 .28 4.874E-02 844 
Kunming Machinery A -9.41 E-05 -.40 .30 4.436E-02 1205 
Kunming Machinery H -2.51 E-03 -.25 .31 4.545E-02 1224 
Maanshan Iron and Steel A -2.32E-03 -.37 .31 4.125E-02 1248 
Maanshan Iron and Steel H -5.52E-04 -.17 .34 3.555E-02 1202 
Nanjing Panda A 
-1.40E-03 -.11 .10 3.164E-02 455 
Nanjing Panda H 
-3.07E-03 -.36 .24 5.034E-02 597 
Shanghai Petrochemical A 
-8.05E-04 -.38 .31 3.615E-02 1245 
Shanghai Petrochemical H 
-7.86E-04 -.27 .22 3.554E-02 1320 
Tianjin Bohai Oil A 
-3.47E-04 -.11 .25 3.436E-02 816 
Tianjin Bohai Oil H 
-1.20E-03 -.32 .35 5.012E-02 1109 
Tsingdao Brewery A 
-1.05E-03 -.39 .32 3.781 E-02 1296 
Tsingdao Brewery H 
-9.21 E-04 -.44 .35 3.989E-02 1327 
Yizheng Chemical A 1.989E-05 -.21 .37 3.741E-02 874 
Yizheng Chemical H 
-1.40E-03 -.30 .33 4.272E-02 1144 
Source: Author's calculations based on data from Data Stream. 
Table 6.3: Unadjusted Cumulative Daily Index Returns 
Std. Number of 
Mean Minimum Maximum Deviation Observations 
Mainland China 
-6.51 E-04 -.10 .10 1.835E-02 1326 
Hong Kong 
-1.30E-04 -.14 .16 1.879E-02 1326 
Japan 
-4.09E-04 -.06 .08 1.319E-02 1326 
Source: Author's calculations based on data from Data Stream. 
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share listing at time tin period T, Rri,A ,t and Rri,H,t, respectively. The residuals from these 
regressions provide an adjusted index return less stock i's effect. Although the effects 
are often quite small and do not significantly change the results, these adjusted index 
values will be used in the cointegration tests and error correction modelling to ensure a 
higher degree of accuracy in isolating individual stock price transmission effects. The 
effects of a given A share on the Hong Kong index, an H share on the China index, or 
an A or H share on the Japan index are small enough to be ignored. 
As described above: 
R~HINA,t =a+ f3R~A,t + E1 (6.1) 
where thus, 
E 1 = R ~HINA, t - /3 R ~A,t - a = R ~r or the adjusted China index (6. la) 
and 
R~oNGKONG, t =a+ f3R~H,t + E2 (6.2) 
where similarly, 
E 2 = R ~oNGKoNG, t - /3 R ~H,t = R ~K or the adjusted Hong Kong index (6.2a) 
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Time Periods 
While most studies in this field only cover one time period, there is good reason to 
believe that significant changes occur in these markets over time. Based on empirical 
trading observations and the dramatic changes that have taken place in the relationships 
between China and Hong Kong, four major and one minor time periods are used to 
increase the robustness of the analysis. The four main periods are divided as follows: (1) 
FULL includes all trades from the simultaneous trading date until 19 August 1998; (2) 
PRE includes all trades from the simultaneous trading date up to the day before 30 June 
1997, the handover of Hong Kong to mainland China; (3) POST begins from 1 July 
1997, encompassing all trading days that Hong Kong was under Chinese direct rule; and 
( 4) CRISIS, the dramatic rally in the H share market by over 200 per cent and its 
subsequent crash by over 200 per cent between 1 July and 1 November 1997. Even 
though investors had advance knowledge of the handover and adjusted their portfolio 
holdings of Chinese stocks accordingly, the Chinese government's financial and 
economic management in the post-handover period remained uncertain. Thus a robust 
study must incorporate the effect of this uncertainty for stock prices after 1 July 1997. 
Testing relationships over the fourth period allows us to see if volatility or dramatic 
price movements affect price transmission relationships. The Asian stock market crisis 
combined with a direct short squeeze on the Hong Kong dollar and the subsequent hike 
in overnight money market rates to in excess of several hundred per cent drove this 
extreme behaviour. The Chinese market has been more insulated, however, and the 
Chinese currency market was not subject to such attacks and upward spikes in interest 
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rates. This behaviour is only observed in the Hong Kong market. Charts 6.3 and 6.4 
provide evidence of this crisis effect, which was present in all H shares used in this 
study. 
The data reveals that, after issuance, all the A shares subsequently move in price by up 
to 100 per cent in the first two weeks of trading. An example of this can also be seen in 
Charts 6.3 and 6.4. The improper pricing of securities due to inexperience by local 
securities firms or the excess demand for securities in China given the shortage of 
securitised assets relative to total savings could cause the mispricing of the initial public 
offering (IPO) or speculative hype in the secondary market. A lack of strict financial 
reporting guidelines and the lax enforcement of existing guidelines also allows 
companies the ability to falsely overstate financial earnings. This too can lead to the 
mispricing of IPOs. Therefore, to make sure these first two weeks of trading were not 
responsible for revealing or hiding a cointegration relationship, tests 
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were also conducted which excluded or included the first two weeks after an IPO. In 
cases where testing between the IPO adjusted and non-adjusted periods provides 
significantly different results the adjusted period is used and noted. 
Modelling and Empirical Results 
The returns on securities traded in different markets but written on the same firm and 
cash flows should be identical if these two markets are fully integrated. This underlying 
market theory allows us to test the efficiency of China's and Hong Kong's markets by 
looking at stock returns listed in both markets. This thesis follows the large body of 
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literature that has used the cointegration and error correction testing techniques set up 
by Granger (1969, 1980, 1988), Engel and Granger (1987) and Johansen (1988 and 
1991) to test market integration and price transmission relationships. This includes 
Kwok (1995), Harris et al. (1995), Chaudhuri (1997), Yuhn (1997) and Liu et al. 
(1997). 11 Following the testing sequence used by Liu et al. (1997), it is first necessary to 
test the stock data for individual efficiency and the presence of a random walk in daily 
returns through unit root tests. After establishing the presence of a unit root and I(l) 
stationary data, Johansen cointegration tests are conducted between two different sets of 
individually efficient stock data. If cointegration is accepted, then an error correction 
model is run between the returns on the two different sets of stocks to determine the 
presence and direction of price transmission. 
Assuming a global capital market, this analysis extends the cointegration test to include 
I(O) exogenous equity index variables. Although the underlying model of price 
transmission is not specifically known, the presence of a global capital market raises the 
possibility that relationships between dually listed stocks might also be affected by 
returns in global capital markets. 
At each stage, lag lengths are determined by t-tests and the Akaike criterion in an 
attempt to find the most parsimonious and efficient model while balancing the risks of 
model under-specification. 12 Since the underlying model of price transmission is not 
11 For studies incorporating volatility analysis in this cointegration approach see Wang (1995) and Steeley 
(1997). 
12 See Appendix 2 for a definition of the Akaike criterion used in this research. 
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known, the bias is towards over-specification - in terms of selecting longer lag lengths 
and lags without gaps in the unit root testing and error correction modelling. The 
diagnostic testing perf armed in Chapter 5 is repeated for estimations in this chapter. 
Unit Root Testing 
Unit root tests were first conducted to determine the stationarity of the price data. This 
paper follows Dickey and Fuller (1981) testing techniques to search for the presence of 
a unit root, drift, and time trend in the data by performing the three hypothesis tests 
discussed below. Using the autoregressive processes defined in equations (6.3) and 
(6.4), the three tests are conducted on each of the 13 stocks in each of the four periods: 
where lnPi,t is the natural log of the US dollar price of each stock or index, A is the 
intercept and T is the time trend. For each stock and during each period an initial lag, q, 
of 20 is selected to capture the last month's trading activity. While it is unlikely that 
stock returns even lagged over one week will affect current trading activity in a 
developed capital 1narket, China's underdeveloped equity markets create uncertainty 
about the length of such lag periods and thus justifies using an initially longer lag 
period. Insignificant lags are then dropped and the model is re-tested until a maximum 
Akaike value is obtained. 
Running OLS on the model where j = 1,2 ... q: 
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( p J q ( p . J ln ,,, =A+¢ ln P;,1_ 1 + L ¢jln i,t-J + E p I · 1 p · 1 I,I- j= 1,t-J- (6.3) 
Test 1 is conducted where the null hypothesis, H0 :(A,~) = (0,0), of no drift and unit root 
is tested against the alternative hypothesis, Ha: (A,~) -:t:- (0, 1 ), of drift and no unit root. 
Again, running OLS on the model: 
( P. J 
9 
( P .. J ln i,t =A+ /JT + ¢ lnPi,t-i + L¢jln i,t-J 
P. I I P . . l 1,t- J= 1,t-J-
+E (6.4) 
Test 2 is conducted where the null hypothesis, H0 : (A, ~,~) = (0,0, 1 ), of no drift, no time 
trend and a unit root is tested against the alternative hypotheses, Ha: (A,~,~) -:t:- (0,0, 1 ), of 
drift, time trend, and no unit root. Also, using equation (6.4), a third test is conducted 
where the null hypothesis, H 0 : (~,~) = (0, 1 ), of no time trend and a unit root, is tested 
against the alternative hypothesis, Ha: (~,~) -:t:- (0, 1 ), of a time trend and no unit root. 
Coefficients from equations (6.3) and (6.4) are tested against the appropriate Dickey and 
Fuller (1981) critical values. For all stocks over all sub-time periods, the three null 
hypotheses could not be rejected at the 95 per cent level of confidence, leading to the 
conclusion that the natural log of all US dollar stock prices and index data is I(l ), and 
returns are I(0) stationary. The presence of a unit root indicates that stock prices follow 
a random walk and this supports the argument that they are individually efficient. 
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Cointegration Analysis 
Without exogenous variables. Market theory suggests that two stocks dually listed on 
different exchanges could be set equal to each other once converted into a common 
currency by a cointegrating vector because these two sets of stocks are traded by rational 
investors on a common firm's cash flows. Two cointegration tests are performed to test 
this, first on the stock price data alone and second on the stock price data with 
exogenous index return variables from Hong Kong, China and Japan. The validity of 
Johansen cointegration testing is supported in the literature discussed in Chapter 2. 
Further, there is little a priori theory to suggest that dually listed prices relate to each 
other on a moving average basis, a relationship that would mean cointegration testing 
was not a prerequisite for running an error correction model. The cointegration 
equations used for prices alone are as follows: 13 
p-1 
L\yt = aOy + a,yt -ITyYt-1 + LriyL\Yt-i + E, 
i=l 
where: 
t = 1,2 ... , n where n is the total number of simultaneous trading days. 
(6.5) 
Yt is an my x 1 vector of jointly determined endogenous I(l) variables, the natural log 
of stock i's A share in period T, lnPri,A, and the natural log of stock i's H share in 
period T, lnPri,H· 
3.oy is the my x 1 vector intercept coefficient. 
13 As derived from the general form in Appendix 3. 
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a1y is the my x 1 vector time trend coefficient. 
fly is the long-run multiplier matrix of order my x my. 
0 y,~y, ... , I'rri ,y are my x my coefficient matrices capturing short-run effects. 
the I term goes from I= l to p - 1, where pis the order of the lag. 
Co integration was tested under the assumption of a restricted intercept, a 0y = flyµ y , and 
no trend, a1y = 0, since prior testing found a unit root and the absence of drift or time 
trend. These assumptions are also supported by a priori economic intuition that presents 
no reason for the inclusion of a trend in stock price data over time. 
Equation (6.5) was tested for all 13 companies during all four time periods. The 
appropriate order for running these univariate cointegration models was obtained by 
initially running equation (6.5) with an order of 10 and then subsequently selecting the 
order with the maximum Akaike value. The significance of cointegration was tested by 
two methods: (1) testing based on the maximal Eigenvalue of the stochastic matrix and 
(2) testing based on the trace of the stochastic matrix. 14 
These tests rejected the null hypothesis of non-cointegration between the A and H 
shares in seven companies over different time periods. While the mainland Chinese and 
Hong Kong markets exhibit some segmentation, this segmentation cannot be classified 
as systematic or complete given that tests for over 50 per cent of the companies support 
14 See Pesaran and Pesaran (1997) for further details on these two testing procedures. Following 
arguments by Pesaran and Pesaran (1997), cointegration is accepted if one or both tests are significant at 
the 9 5 per cent level. 
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the hypothesis of an integrated capital 1narket. In those cases where segmentation does 
exist, it is probably a function of trading or investing characteristics specific to 
individual companies. This remains a question open for further research. Graphical 
illustrations of these cointegration relationships are set out in Charts 6.5 and 6.6, where 
the China Eastern Airlines chart illustrates the standard graphical cointegration 
relationship and the Jinlin Chart shows no evidence of cointegration. Interestingly, the 
vertical Jinlin data observations are dominated by the POST period and the horizontal 
observations by the PRE period, suggesting possible structural changes in the dynamics 
between the two shares over time. Yet, neither period turns out to have significant 
cointegration relationships. 
With exogenous variables. The Hong Kong and Chinese markets are not operating in a 
vacuum, so it is sensible to include a broader range of exogenous variables that could 
affect the cointegration relationship between A and H shares. The most pertinent 
variables are index returns for the Hong Kong and mainland Chinese markets. 
To capture broader international market influences, a Japan variable was entered as an 
exogenous variable. As described in the data section, adjusted China and Hong Kong 
indexes for each security are used as given in equations (6. la) and (6.2a). Current plus 
one lag returns for the Hong Kong, China and Japan 1narkets were used because it can 
take up to the next day for price spillover effects to have an i1npact on trading. 
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This is confirmed by market observations and the work of Copeland and Copeland 
(1998) who found a significant one-day lag effect of price movements from the US 
market to markets in Asia and the Pacific. 
Periods that were not found to be significant in cointegration tests with only stock prices 
(no index data) were re-tested with the inclusion of additional exogenous index 
variables. Re-testing only revealed one case of cointegration. Once the new exogenous 
index variables were added, the Akaike criterion was used again to select the 
appropriate order. In most cases it remained the same, but the new order was used in 
those cases where it differed. 
Cointegration analysis was then performed with the inclusion of several I(0) exogenous 
index variables. This required a slight modification of equation ( 6.5) to yield the 
following: 
p-1 
~Yt =aoy +alyt-ITyYt-1 + Lriy~Yt-i +\f\wt +Et 
i=I 
where: 
t = 1, 2 ... , n where n is the total number of simultaneous trading days, 
(6.6) 
Yt is an my x 1 vector of jointly determined endogenous I(l) variables, the natural log 
of stock i's A share in period T, lnPTi,A, and the natural log of stock i's H share in 
period T, lnPTi,H, 
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a0y is the my x 1 vector intercept coefficient, 
a iy is the my x 1 vector time trend coefficient, 
fly is the long-run multiplier matrix of order my x my, 
~y,I';y, ... , I'p- 1,y are my x my coefficient matrices capturing short-run effects, 
the I: term goes from I = 1 to p- 1, where pis the order of the lag, 
wr is the q x 1 vector of exogenous I(O) equity index variables from equations (6. la) 
and (6.2a) and 'Py is the my x q matrix of coefficients for the I(O) exogenous 
variables. 
Following similar assumptions to those used in the estimation of equation (6.5) 
regarding the presence of a restricted intercept and no trend, and using similar maximal 
Eigenvalue and trace statistic tests performed on equation (6.6), cointegration between 
A and H shares was found for five companies. 15 
Also, re-testing of the co integration equations by alternately excluding Japan, China, 
and Hong Kong did not change the significance of a cointegration vector for the given 
period. 
15 The cointegration test results are too voluminous to list here, but, all test results along with the 
normalised Johansen cointegration (in the cases of cointegration) vectors can be provided upon request. A 
list of the cointegrated companies can be found in Table 6.4. 
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Error Correction Models (ECM) 
Once a firm's dually listed stock prices are found to have a significant co integrating 
vector, an error correction model can be run to determine the dynamics of price 
transmission between these two sets of shares. If a moving average assumption were 
made, the error correction models could be extended to cover all 13 companies. But the 
methodologies here offer a stricter assumption and ECMs are only run where the null 
hypothesis of non-cointegration is rejected and the alternative hypothesis of 
cointegration is accepted. It is first necessary to regress the natural log of the H share 
prices on the natural log of the A share prices as seen below: 
lnPiTA t =a+ OlnPiTH t + E 
' ' ' ' 
(6.7a) 
and, 
lnPiTH t =a+ ~lnPiTA t + E 
' ' ' ' 
(6.7b) 
where 
a is the intercept, 
Pis the US dollar price of a stock of a company I, I= 1, .. , 7, in different time periods, 
mainland Chinese market listing and H indicates Hong Kong market, 
in different time periods T. 
E is the error term. 
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Saving the residuals from equations (6.7a) and (6.7b), the ECM is set up as the 
following: 
J K 




R~H,t =a+JH(Resid-l)lb + L¢rnR~A,t-l + LrrnR~H,t-m +E 
l=l m=l 
where 
a is the intercept. 
(Resid-l)Ja is the lagged residual from equation (6.7a). 
(Resid-1) 16 is the lagged residual from equation (6.7b). 
(6.8a) 
(6.8b) 
Rri,A,t-J is the US$ cumulative return of Stock I in A market, lagged} and l times in 
equation (6.8a) and equation (6.8b ), respectively. 
R TI,H, t-k is the US dollar cumulative return of Stock I in H market, lagged k and m times 
in equation (6.8a) and equation (6.8b ), respectively. 
E is the error term. 
Next, the same ECM is run, with the addition of index data for those companies where 
cointegration was found in the tests on equation (6.6). The ECM for the A share daily 
total return as the dependent variable yields the following: 
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J K U 
R~A,t =a+(A(Resid-l) 1a + L¢2AR~A,t-j + Lr2AR~H,t-k + L<P,AR~H,t-j + . 
j=l k=l u=O 
V X 
+ Llfl1AR~It-v + LJIARJi.t-x + E . (6.9a) 
v=O x=O 
And similarly, with the daily return of the H share as the dependent variable: 
L M W 
R~H,t =a+(H(Resid-l) 1b + L¢2HR~A,t-l + Lr2HR~H,t-m + L<P2AR~l,t-w + 
l=l m=l w=O 
y z 
+ L lfl 2A R ~I,t-y + L A2A R ~,t-z + E (6.9b) 
y=O z=O 
where the notation remains the same as in equation (6.8a) and equation (6.8b ). 
RT CH, t-l is the US$ cumulative return of mainland China Domestic Equity Index, lagged 
u and w times in equation (6.9a) and equation (6.9b), respectively. 
RT HI, t-m is the US$ cumulative return of Hong Kong Equity Index, lagged v any times in 
equation (6.9a) and equation (6.9b ), respectively. 
RT11, t-n is the US$ cumulative return of Japanese Equity Index, lagged x and z times in 
equation (6.9a) and equation (6.9b ), respectively. 
Lag lengths were selected by first running ten lags for each stock return and current plus 
five lags for each index return. Insignificant lags were then dropped and the ECM was 
re-tested. It should be noted that, since there is no economic intuition to explain gaps in 
lag lengths between past and current returns once a lag length is found to be significant, 
all subsequent lags down to the current return were left in the model. That is to say, 
there are no gaps in the lag lengths. While this has probably decreased the efficiency of 
the model, it has ensured against the greater risk of model under-specification. 
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The R Squared values for these ECMs range from 0.01 to 0.4 and F tests show that all 
coefficients are significant at the 90 per cent level and most of them are significant at 
the 99 per cent level. Diagnostic testing only revealed two problems of serial correlation 
out of a total of 40, and White's adjustments were made in instances where 
heteroscedasticity was discovered. In all cases, the White's adjustment did not 
dramatically change the results. Table 6.4 reports a corresponding summary of R 
Squared values, F-statistics, Lagrange multiplier statistics (L), Akaike values (AIK), 
and lag values for equations (6.8a), (6.8b), (6.9a) and (6.9b). 
A characteristic example of these ECMs can be seen below in Table 6.5 - the 
voluminous nature of the 40 ECMs prohibits listing them all. The ECM where Jingwei' s 
H share is the dependent variable epitomises the important results found across most 
companies: an insignificant long-term error correction coefficient for regressions of H 
share returns on A share returns. 
ECMs for most periods have apparently random gaps between significant lag periods for 
share return coefficients and the signs of these lagged values arbitrarily alternate from 
positive to negative with no apparent pattern, as seen in the Jingwei example. 16 The 
Japan index returns also appear randomly significant for different companies over 
different lag periods. With A share returns as the dependent variable, the current and 
16 These are described as arbitrary because the significance and signs of these lags differ with no patterns 
between companies. That is for some companies certain lag coefficients are significant whereas for others 
this lag would not be significant or if it was it would often have an opposite sign. 
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lagged adjusted China index return is often significant. The same is true for the H share 
returns and the adjusted Hong Kong index. Also, in general when current index values 
are significant, their signs tend to be positive, indicating that current share prices and 
market indexes move together. This makes economic sense given the tendency of shares 
to move together with the whole market over time. The significance of cross-market 
effects (index returns on stock returns in the other market) again appears arbitrary. 
Therefore, while individually interesting, the inconsistency of short-term returns and the 
number or order of significant lag lengths (both for A and H shares) makes it difficult to 
draw any strong conclusions from the analysis. Also, the effect of short-term 
government intervention and the periodic imposition of daily price ceilings weaken any 
conclusions that might be drawn from these short-term price transmission studies. 
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Table 6.4: ECM Summary of Results 
COMPANY PERIOD (6.8a) 
R2= ( ) 
F-statistic =[ ] 
L-statistic = { } 
AIK= 
Lags: j,k 
Jingwei Textiles FULL (0.049544) 



















Nanjing Panda POST (0.031823) 




Yizheng Chemical PRE (0.025309) 





n = 295 
NIA 
Notes: * indicates significant at the 90 per cent level. 
** indicates significant at the 95 per cent level. 
*** indicates significant at the 99 per cent level. 
(6.8b) 
R2= ( ) 
F-statistic =[ ] 


































NI A indicates no cointegration as found by Johansen testing. 
Source: Author's calculations based on data from Data Stream. 
(6.9a) 
R2= ( ) 
F-statistic =[ ] 






































17 No index values were significant, therefore the same value as in equation (6.8a) apply. 
(6.9b) 
R2= ( ) 
F-statistic =[ ] 









































COMPANY PERIOD (6.8a) 
R2= ( ) 
F-statistic =[ ] 
L-statistic = { } 
AIK= 
Lags: i,k 
Tsingdao Brewery CRISIS (0.20550) 




Kunming Machine FULL (0.023007) 




Maanshan Iron and POST (0.062124) 




Shanghai POST (0.1324) 




China Eastern FULL~ (0.10923) 
Airlines POST [ 4.8316***] 
n = 201 {0.17566} 
517.1 
0,4 
Notes: * indicates significant at the 90 per cent level. 
** indicates significant at the 95 per cent level. 
*** indicates significant at the 99 per cent level. 
(6.8b) 
R2= ( ) 
F-statistic =[ ] 




























NI A indicates no cointegration as found by Johansen testing. 
Source: Author's calculations based on data from Data Stream. 
(6.9a) (6.9b) 
R2= ( ) R2= ( ) 
F-statistic =[ ] F-statistic =[] 
L-statistic = { } L-statistic = { } 
AIK = AIK= 













0,4,0, 1,0 0,7,1,4,5 
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Table 6.5: Example of ECM Results: where I is Jingwei Textiles and T is FULL period 
Dependent Independent Equation (6.8b) Equation (6.9b) 
Variable Variables 
Coefficient rt valuel Coefficient [t value] 18 
Daily Return on Intercept (a) - 0.0037 [-1.2738] -0.0038556 [-1.4053] 
Jingwei H share 
T (R I Ht) 
(Resid-1) 16 - 0.0020 [-0.32934] -0.0022143 [-0.31278] 
T RI At-I none significant none significant 
T R !Ht-I 0.0830 [1.6947]* 0.076850 [1.09501 
T R I H t-2 - 0.0413 [-0.8411 l - 0.034187 r- o.578311 
T R I H t-3 0.0478 ro.91111 0.023597 [0.33807] 
T R I H t-4 0.0697 [1.42481 0.081704 r1.51131 
T RI H t-5 -0.0570 f- 1.16281 - 0.026857 r- o.469391 
T RI H t-6 - 0.0470 r- o.96211 - 0.026268 [- 0.53998] 
T R I H t-7 - 0.0647 r-1.334] - 0.039568 [- 0.76636] 
T RI H t-8 -0.0844 [-1.73471* - 0.087181 f- 1.48091 19 
T RI H t-9 - 0.0351 [-0.7181] 
T R1Ht-IO .1107 f2.2732l** 
RT Cit 0.77702 [5.2288]*** 
T R Ci t- I - 0.40538 r- 2.85351*** 
RT Hit 
- 0.27840 r-1.11091* 
T R HI t-1 0.24372 [ 1.2659] 
T R Hlt-2 - 0.13982 [- 0.72797] 
T R HI t-3 0.36369 r1.9080J* 
T R Jlt 0.45063 [2.79651*** 
T R JI t-1 - 0.097776 [- 0.54211] 
T R JI t-2 0.054198 [0.33359] 
T R n t-3 0.043892 ro.23298] 
T R JI t-4 - 0.22242 [- 1.5752] 
T R JI t-5 - 0.26246 [- 1.7382]* 
Akaike 605 641 
Criterion Value 
F Statistic 1.908** 5.4073*** 
R Squared 0.04792 0.21730 
Notes: * Significant at the 90 per cent level. 
** Significant at the 95 per cent level. 
*** Significant at the 99 per cent level. 
Independent variable definitions are the same as given for equations (6.8b) and (6.9b). 
Note that no A share lagged returns are significant for this ECM. 
Source: Author's calculations based on data from Data Stream. 
18 White's adjusted standard errors given. 
19 After White's adjustment the significance of this lag went from 97 per cent to 86 per cent, however, it 
was left in to avoid model mis-specification. Most importantly, re-estimation of the model without any H 
share returns did not change the sign or significance of the long-term error correction coefficient. 
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The long-term error correction coefficients yield unique and remarkably significant 
results not previously discovered in the literature and avoid the problems associated 
with short-term time series studies in China. In 90 per cent of the instances where 
cointegration is present, the significance of the long-term error correction term indicates 
price transmissions go from the H shares to the A shares. These coefficients also yield 
the expected negative sign indicating that, when A and H share returns diverge,2° the A 
share prices will move towards H share prices to correct this price divergence gap. Also, 
the speed of the error correction process, as given by the coefficients 5A and SA in 
equations (6.8a) and (6.9a), is rapid compared with the speed of adjustment found in 
studies discussed in Chapter 2. Most importantly, only 10 per cent of the cases show A 
to H share price transmission as given by coefficients 5Hand SH in equations (6.8b) and 
(6.9b). These cases are statistically less significant and have only half the speed of 
adjustment compared with error correction terms 5A and SA· The negative signs on the 
two statistically significant 5H and SH coefficients indicate a bi-directional price 
relationship, whereas positive signs would indicate a dominant-satellite relationship. 
These findings suggest that the H share market drives the A share market over the long 
term, whereas the reverse is seldom the case, implying that the H share market is 
China's dominant market, making the A share market the 'satellite market'. The more 
developed analytical and trading capacity of the investors and traders in the Hong Kong 
20 This divergence is picked up in the residuals from equations (6.7a) and (6.7b). 
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market offers one possible explanation of these results. Mainland investors and traders 
could look to investment and trading action in the Hong Kong market as an indicator of 
a company's fundamentals and thus a lead indicator of a company's stock price. For 
example, with greater analytical capacities Hong Kong analysts might be the first to 
identify new strengths or weaknesses in a company and then trade on this information in 
the H shares of the company. Later this information transfers either directly or through 
market signals to mainland investors and effects the price on the A listed share. A 
summary table of the long-term error correction terms was reported in Table 6.6. 
Finally, when more parsimonious models ( excluding all insignificant lags even if this 
creates gaps in the lag lengths) were estimated, the sign or significance of the long-term 
error correction coefficients did not change. 
Discussion of Results 
While we would expect shares in the Hong Kong market to be individually efficient 
given the city-state's developed capital markets, the individual efficiency of China's 
equities markets was less certain; many market observers compare investing in Chinese 
stock markets to betting on horse races. The unit root tests tell us that at least a part of 
the A share market follows a random walk procedure and is individually efficient. On 
the surface, legal ownership, capital account and currency restrictions suggest that 
Chinese and Hong Kong markets are segmented. Cointegration tests reject this 
hypothesis and suggest that while there are instances of market segmentation the 
presence of cointegration in share prices between the two markets implies that there is a 
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considerable degree of integration and that official regulations appear to be somewhat 
porous. Given that these regulations are porous, the lack of cointegration between these 
Table 6.6: Long-term Error Correction Coefficient Summary 
COMPANY PERIOD 81A in (6.8a) 82n in ( 6.8b) SIA in ( 6.9a) s'2n in (6.9b) 
[t-statisticl [t-statistic] [t-statisticl rt-statistic] 
Jingwei Textiles FULL - 0.015912** - 0.0019879 -0.021887*** - 0.0022143 
n =429 [-1.9787] W [- 0.32925] [-2.90941 W [-0.31278] W 
PRE - 0.17559*** 0.0072626 -0.14928*** 0.013301 
n = 140 [-4.5621] [0.32821] W [-4.5655] [0.63395] 
POST -0.036270*** -0.0021439 -0.030081 ** - 0.0019690 
n= 295 [- 2.6735] W [-0.30776] [-2.4635] [- 0.28161] W 
CRISIS -0.095917*** -0.026759 - 0.074212*** - 0.024526 
n = 110 [- 3.7239] [-1.1548] [-2.9319] [-1.2335] 
Nanjing Panda Electric POST -0.005221 *** -0.0010417 -0.056345*** - 0.0024393 
n = 295 r-2.2471J [-0.16621] [-2.98321 W r- o.37673J w 
Yizheng Chemical PRE -0.019898** -0.011336* -0.019898** - 0.0088828 
Fiber n = 578 [2.4850] [-1.7086] W [2.4850]21 [- 1.4455] W 
POST NIA NIA -0.0067614 -0.033728 
n= 295 [-0.52342] W [- 1.2770] W 
Tsingdao Brewery CRISIS -0.19100*** -0.023652 NIA NIA 
n = 110 [2.7649] [ 1.0200] 
Kunming Machine FULL22 - 0.015622*** -0.0040775 NIA NIA 
n = 1193 [- 2.8276] W [- 1.4549] W 
Maanshan Iron and POST - 0.0016306 -0.0025984 NIA NIA 
Steel n = 295 [- 0.22216] W [-.18820] 
Shanghai POST - 0.14639*** 0.6546E-3 - 0.1523 7*** - 0.0010325 
Petrochemical n = 295 [-4.6851] [0.074309] W [-4.8934] [- .1285l]W 
China Eastern Airlines FULL;::::; - 0.12357*** 0.7580E-4 - 0. 1 0 18 1 * * * - 0.044716* 
POST [-4.1357] [0.9540E-3] [- 3.2698] [- 1.7480] W 
n = 201 
Notes: 61 A is the long-term error correction coefficient of H returns on A returns , excluding exogenous 
index variables. 
52H is the long-term error correction coefficient of A returns on H returns, excluding exogenous index 
variables. 
SIA is the long-term error correction coefficient of H returns on A returns , including exogenous index 
variables. 
( 2H is the long-term error corre-ction coefficient of A returns on H returns, including exogenous index 
variables. 
* indicates significant at the 90 per cent level. 
** indicates significant at the 95 per cent level. 
21 No index values were significant, therefore same value as in (Sa) applies. 
22 First 10 trading days dropped. 
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*** indicates significant at the 99 per cent level. 
NIA indicates no cointegration as found by Johansen testing. 
Wlndicates the use of White's Heteroscedasticity adjusted standard errors. 
Source: Author's calculation based on data from Data Stream. 
dually listed shares could present arbitrage opportunities for investors able to 
circumvent capital restrictions or willing to wait for capital account liberalisation. 
Finally and most importantly, while most of the literature finds bi-directional price 
effects between domestic and foreign listed securities, this study provides partial 
evidence of long-term uni-directional price effects going from Hong Kong to mainland 
Chinese equity markets. Although market index returns in aggregate exhibit a positive 
effect on individual share returns listed in that given market, cross-effects to the other 
market are inconclusive. The short-term effects of a share's own return history and the 
short-term effects of the dually listed security's return history are equally inconclusive. 
Based on these results, supported by the robustness of a case study approach, macro 
policymakers in both regions should consider the effects of market policy and 
intervention. 
With these two financial market systems servicing many similar corporate interests yet 
operating at very different levels of development, the individual and collective 
efficiency of these markets, as well as the direction of price discovery, arises as a critical 
factor in future 1narket policy developments. Mainland Chinese 1narket conditions could 
be partially driven by conditions in Hong Kong and thus mainland Chinese policy 
makers should consider the effects of their policies towards Hong Kong in as much as 
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they affect Hong Kong equity markets since these policy effects could circle back to the 
mainland through an equity price mechanism. 
Unlike the case of Chinese government debt markets, the equity markets selected for 
analysis are not completely segmented between local and international markets. In cases 
where cointegration exists, error correction 1nodelling finds uni-directional price 
transmission relationships indicating a dominant-satellite relationship between the 
Hong Kong and mainland Chinese markets. This type of price discovery relationship 
violates the efficient market hypothesis put forward in Chapter 2 indicating a collective 
market inefficiency between these two markets. From this analysis, it appears that, in 
the period covered by the study, the global investor cohort has superior price discovery 
abilities that, over the long term, drive equity price returns in the mainland Chinese 
market. 
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7 Conclusion and Policy Innovations 
In 1978, China began a major financial reform process that continues to grow in extent 
and impact, reducing the role of direct government credit allocation in favour of a 
market-driven allocation system. Under this new system China's securities markets take 
on an ever more important role. While still in their infancy, these markets are providing 
an important way of channelling savings into productive economic uses. 
More efficient securities markets will allow the government to finance its fiscal deficit 
more efficiently and for companies to raise much needed finance. Properly functioning 
government bond markets are also important for the central bank's execution of monetary 
policy through open market operations. A well developed and well functioning 
government bond market also provides the capital market with information on sovereign 
risk, inflation and interest rate expectations, a benchmark for pricing new corporate debt 
issues in global markets, and efficient pricing of new government bond issues to 
minimise government financing costs. Conversely, inefficient or dysfunctional markets 
threaten to raise government and company capital financing costs, misallocate capital to 
low productivity uses, and misprice sovereign and corporate risk. At the aggregate level, 
the close and positive link between the scale and the depth of the financial sector and 
overall macroeconomic performance discussed in Chapter 1 means that poorly 
functioning securities markets would be likely to inhibit seriously China's economic 
growth. 
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Furthermore, as China moves towards capital account liberalisation, the efficiency of 
China's securities markets is of paramount importance. Inefficient domestic capital 
markets with an open capital account do not allocate capital inflows to the most efficient 
uses and inflows could create large-scale price disequilibria which would adversely affect 
government and company fundraising efforts and direct capital to inefficient sectors of 
the economy. 
The thesis tested several components of market efficiency in the debt and equity markets 
to help evaluate China's securities markets, which in tum can help assess China's 
readiness to open its capital account. Characteristics of efficiency identified in the thesis 
are that domestically traded stocks and bonds are first difference stationary, this implies a 
random walk process; at times an underlying common trend is present across various 
benchmark bond yields, creating a yield curve; and the yield curve has often reflected 
expectations of falling rates with a short end yield curve inversion. 
Conversely, characteristics of market inefficiency and underdevelopment identified by 
this thesis include the violation of the efficient market hypothesis in the equities market 
in several instances; the breakdown of the secondary bond market to act as a cointegrated 
system in periods of low trading volume; and the extremely weak predictive power of the 
expectations hypothesis in the bond market. Empirical analysis in the thesis suggests that 
these markets lack the level of efficiency and development required to deal with the large 
foreign capital inflows likely to accompany full capital account convertibility. 
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China has control over the official timetable of its movement to capital account 
convertibility, but the thesis identified instances of integration between China's domestic 
and international equity markets despite official segmentation. The presence of 
integration in the equities market, despite official controls to segment the domestic 
market from the international market, indicates that China's integration with global 
capital markets is moving ahead. With China increasingly dependent on additional 
sources of finance, this global integration is not contrary to Chinese interests, but China 
faces a time constraint. With integration developing on its own, the burden is on China to 
improve the efficiency of its domestic markets to prevent the unstable situation of 
widespread integration without the support of domestic market efficiency. 
Evaluation of Reform of China's Securities Market 
China has moved a long way towards building securities markets, but concerted policy 
reforms must continue to complete this process. An evaluation of China's securities 
market reform effort is summarised in Table 8.1. The left hand column of Table 8.1 
outlines some of the basic requirements for the successful development of China's 
securities market. China's progress towards meeting these requirements is then assessed 
in the right hand column. 
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Grading of risk via 
underwriting 







handle complexity of 
analysis 
Source: Author 
Evaluation of Progress in China 
Centralisation of trading markets to Shanghai and Shenzhen has 
helped significantly and numerous efforts to standardise the 
treatment of cash and pay-in-kind dividends to various classes of 
shareholder have improved overall standardisation. On the other 
hand, multiple share markets and multiple classes of equity holder 
greatlyj!llibit progress. Credit claims on assets are still unclear. 
Essentially non-existent. The government still controls the listing 
process. A lack of independent investment banks or private banks 
hinders this process. More foreign bank underwriting activity 
would greatly improve this situation and transfer the necessary 
technology and skills to domestic market participants. Increased 
capabilities of new rating agencies could help provide some level 
of risk grading. 2 
Greatly improved in the past few years. Historic prices for most 
equities - listed domestically and internationally - are readily 
available. Comprehensive government bond price data are far 
more difficult to obtain. Inter-bank data is not publicly available 
- even to domestic financial players. Furthermore, many 
corporate bonds are traded over the counter without publicly 
available prices. 
Securities laws are often 'on the books' as mandated in the 1998 
Securities Reform Act, but few are enforced. Ownership issues 
remain very unclear and the lack of clear bankruptcy laws inhibits 
credit restructuring - see, for example, the Guandong 
Enterprises (GDE) and GITIC cases. 
Weak but gradually improving. Newly gained experience in debt 
work-outs will help in the future if standardised measures can be 
built from the process. 
Arguably better in China than most developing countries. The 
Shanghai Stock Exchange is nearly fully automated and the 
trading floor provides more of a public relations showcase than an 
actual market function. There are concerns about the oversight of 
the systems responsible for settlement and clearing of trades. 
Analyst skill levels in domestic Chinese financial institutions are 
improving dramatically. Foreign participation in the market will 
help facilitate 'technology skills transfers'. 
1 The list of requirements is a combination of recommendations by Kendal ( 1996:7) and the author. 





Chapters 4 and 5 provided new insights into the dynamics of China's debt markets, 
especially the behaviour of secondary government bond markets in Shanghai. This 
empirical work created the first ever daily time series of benchmark yields constructed 
from the daily trading activity of 14 different bonds from 1994 to 1999 to provide a 
starting point for future empirical research on Chinese debt markets. 
In line with behaviour witnessed in developed markets, testing indicates that domestic 
bond yields in this market are first difference stationary. Furthermore, cointegration 
testing indicates that there is an underlying trend between the various benchmark yields, 
justifying the claim that China in fact has a 'yield curve'. Error correction tests regarding 
the relationship between different parts of the curve were far less conclusive. The 
expectations hypothesis on the term structure of interest rates proved to have low 
predictive powers in China. It appears that the bond market behaves differently over 
different periods and is seg1nented between benchmark bonds with varying maturities. 
The answer to the question 'is China's bond market sufficient! y developed to operate 
with open capital controls?', is 'not yet'. When the government promoted secondary 
market activity on the Shanghai exchange before 1999, the market operated with an 
underlying common trend; that is, there was a yield curve and the outlook for the ongoing 
development and deepening of this market appeared optimistic. Budding characteristics 
of a more developed bond market should have been nurtured. Instead, reductions on 
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institutional participation limits in this market reduced trading volume and reversed these 
trends. Without a liquid and transparent secondary government bond market that trades 
'as a yield curve', China lacks a building block necessary to develop an efficient 
securities market. 
In addition to the domestic bond market, China issues global government bonds on the 
international market. These parallel markets are officially segmented by China's capital 
control restrictions regarding Chinese ownership of financial assets issued in foreign 
markets. Tests of domestic and global relationships of Chinese government bonds 
confirmed that these two markets are completely segmented; that is, capital market 
controls are complete and effective for the time being. There are several explanations as 
to why these two markets have remained segmented. They include official capital 
controls, the small total issuance size of Chinese global bonds, the lack of significant 
profit incentives for investors to circumvent capital controls, the institutional nature of 
bond ownership making illegal circumvention of capital controls very difficult, and 
suspected intervention by Chinese government-directed financial institutions with 
offshore investment capacities to hold up the value of China's global bonds in periods of 
global financial turmoil. 
Equity markets 
While similar capital controls affecting the parallel global and domestic bond markets 
apply to parallel domestic and international Chinese equity markets, the greater total 
issuance size, the higher potential profits from circumvention of capital controls, and the 
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diverse ownership breakdown of both institutions and individuals create a significantly 
different market environment. 
Extending empirical testing of debt market global integration to the equity markets and 
building upon the growing literature on China stock market behaviour and efficiency, the 
thesis explored an as yet uncharted dynamic - the relationship between mainland 
Chinese and Hong Kong equity markets. Through the use of individual stock returns of 
Chinese companies dually listed in the Hong Kong H share and mainland Chinese A 
share markets, the thesis finds evidence, not yet reported in the literature, of both partial 
integration between these two markets and a significant uni-directional price effect going 
from the Hong Kong to the Chinese equity markets for some of the sample's dually listed 
companies. This evidence of partial integration in over 50 per cent of dually listed stocks 
is in direct contrast to observation of the segmentation of the Chinese bond market. 
Furthermore, tests confirm that the stock prices are first difference stationary, an 
important indicator of random walk behaviour. 
The operation of parallel but officially separated markets trading securities written on the 
same underlying companies also allowed the thesis to test the efficient market hypothesis 
discussed in Chapter 2. Error correction modelling identified a significant number of 
cases of uni-directional price transmission relationships from the Hong Kong market to 
the mainland Chinese market that violate this hypothesis. If market efficiency dynamics 
identified if the behavior of this sample apply to China's capital markets in general and 
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China were to open its capital accounts with collectively inefficient markets, in the case 
of foreign capital inflows, there could be inefficiencies in the allocation of capital. 
Future Research 
While this thesis focused on the Shanghai Exchange' s bond market for empirical study 
because of its relative liquidity and transparency, empirical study of other Chinese fixed 
income markets would be an interesting extension. Such markets could include bond 
trading on the Shanghai inter-bank market, if data beco1nes publicly available, and 
secondary bond trading on the Shenzhen exchange. Benchmark yields could be 
constructed for these markets using a similar approach to that followed in the thesis. Then 
the efficient market hypothesis could be tested and market segmentation studies 
conducted through similar cointegration and error correction modelling. In addition, use 
of Hong Kong bond market data could provide a possible avenue to extend the thesis's 
international market segmentation analysis. Other corollary markets, such as the bond 
repo markets in Shanghai and Shenzhen and the offshore non-deliverable yuan forward 
markets could also provide additional data sets for empirical studies of China's securities 
markets. The existence of partial integration between mainland Chinese and Hong Kong 
listed stocks builds motivation and a starting point for additional research on mainland 
Chinese and overseas dually listed shares. Finally, comparative analysis of bid-ask 
spreads of government bonds traded on the inter-bank market, if and when such data 
becomes available, with bid-ask spreads of government bonds traded on the Shanghai 
exchange could help further analyze and quantify levels of relative market efficiency. At 
a minimum these findings should serve as a warning indicator for policy makers. 
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Policy Innovations 
China's future economic success and stability will rest largely on the ability of the 
People's Bank of China and the Ministry of Finance to continue their proactive reforms, 
to mobilise capital to fund the real economy better through a private, market-driven 
financial sector. The state-owned sector will also increasingly rely on private capital 
1narkets to fund its recapitalisation efforts. The following are possible policy initiatives 
that could help develop such markets. 
I. Regularised and standardised government debt issuance. Forced debt issuance 
only perpetrates circular debt ( or triangle-debt) and marginalises the legitimacy 
of the government bond markets as real institutions for long-term fund raising. 
Developing a regular auction timetable, pre-announcing volumes, issuing 
standardised treasuries available to multiple classes of investor, and pricing these 
instruments via public bidding would allow China to develop a deep and liquid 
bond market while minimising speculative behaviour. This developed government 
bond market would give real prices to government debt serving as an important 
feedback mechanism for government policy, provide a real bench1nark for pricing 
other fixed income instruments, allow for better risk management through 
standard risk management hedging techniques, help end the ongoing cycle of non-
transparent circular debt finance between the government, state banks and the 
state-owned sector, and ultimately lower government debt financing costs by 
reducing market uncertainty. 
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2. Current efforts to move government bond trading away from the Shanghai 
exchange to the inter-bank market should be stopped. Given that lack of 
transparency of bond trading in the inter-bank market and that the secondary spot 
market on the Shanghai exchange exhibits a number of signs of behaving in an 
efficient form, this efficient trading arena should be capitalised on and trading 
activity should be returned to the Shanghai exchange. 
The periods where secondary government bond trading volume on the Shanghai 
exchange is the highest correlates to periods when testing of this market indicates 
the presence of a yield curve. If the market were massively inefficient, it would 
make more sense to correct the trading rules and regulations before increasing 
issuance. It appears, however, that given sufficient volume, the secondary bond 
market exhibits several important characteristics of market efficiency. Obviously 
rules and regulations need to be improved, but this longer-term reform should not 
impede the continued operation of Shanghai treasury bond trading. If the 
government follows through with its intention to move all trading activity to the 
inter-bank market, every effort to create an open and transparent 1narket must be 
made. 
3. Increase stock and bond issuance to effect changes in corporate governance. 
Bottlenecks in the approval process for share issuance continue to hamper market 
development. The current rate of domestic company listings averages 8.5 per 
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month and it will thus take approximately two years to list the current backlog of 
companies that have registered an interest to list in 1999 (Neoh, 2000). 
Furthermore, the quota issuance system, whereby local governments nominate 
which companies are permitted to list, takes the decision away from the market 
and puts it into the hands of administrators. Without an active underwriter market, 
the veil of secrecy is perpetuated and lack of transparency creates information 
asymmetry problems that raise overall market risk levels. Neoh (2000) observes 
that local governments tend to put forward companies in which they have an 
equity stake. Expanding total issuance through changes to the underwriting 
system is a first step. 
While continued stock issuance and thus the transfer of ownership rights could 
dramatically change corporate governance in both state-owned and non-state-
owned companies, the state's dominance in tradeable and non-tradeable shares 
has largely prevented the development of a new political economy in corporate 
ownership. On the one hand, ongoing issuance of cash dividends to state holders 
and share dividends or rights offerings to non-state equity holders as described by 
Xu and Wang (1997) has helped decrease the state's once unequivocal majority 
ownership stake in listed firms. On the other hand, even new stock issuance does 
not necessarily change corporate governance. Xu and Wang ( 1997) found official 
managers and party officials hold key board and supervisory positions in many 
SOE incorporated firms. Therefore, the ongoing issuance of shares in conjunction 
with the issuance of shares to non-state investors and the de-emphasis on 
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government-appointed managers will increasingly empower shareholders to place 
pressure on firms to maximise corporate profits. 
4. Total corporate bond issuance needs to increase to close the gap with total 
equity issuance so as to prevent an unbalanced capital market and provide 
firms with longer term debt finance options. Secondary markets need to be 
promoted in corporate bonds to allow the market to find real prices and limit the 
liquidity premium required by voluntary investors to hold such corporate 
securities. Furthermore, both issuance markets - but especially the corporate 
debt issuance market- need to be based more on objective financial criteria and 
to be subject to less political influence. 
5. Utilise the Hong Kong market. China is the only developing country that has a 
developed financial market within its borders, namely Hong Kong. Given Hong 
Kong's possible importance in facilitating price discovery superior to mainland 
markets, increased use of the Hong Kong markets for future funding needs until 
the 1nainland Chinese 1narkets are more developed could facilitate more efficient 
fund raising. If the results found in this sample are true for the broader market, 
Hong Kong's better price discovery could help lower information asymmetry 
problems and thus lower the risk premium placed on Chinese securities. A lower 
risk premium will thus lower the price at which companies can raise capital 
through share issuance. 
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6. Invest heavily in technical trading systems and vigilantly continue to upgrade 
financial reporting standards and legal rights of share and bondholders. The 
lack of a simultaneous payments system, the lack of a corporate bond repo 
market, inefficient settlement systems, and the lack of unified real time price 
sources will dramatically hinder the development of both corporate and 
government securities markets. 3 China has been upgrading its trading systems 
rapidly but additional investments are needed to keep pace with the increasing 
volume of total debt and equity issuance as well as to expand the scope of 
distribution. 
Without full financial disclosure, proper enforcement of market regulations and 
an extension of Article 214 to the bond and derivatives markets, the mechanism 
for shareholders to exert positive changes on corporate governance will be 
marginalised, poor firm investment decisions will go unchecked, and insider 
trading will dominate the exchanges. Finally, accurate company risk ratings are 
still lacking, although it is hoped that this will be assisted by the September 1998 
formation of the China Chengxin Credit Rating Company.4 
7. Actively open the domestic market to foreign banking and securities firms and 
permit these firms to source yuan funds from domestic institutions and 
investors and allow them to invest in domestic assets. Foreign firms will bring 
3 During interviews with market participants in Japan and officials at the Bank of Japan's capital markets 
group, it was expressed that such deficiencies in Japan have greatly inhibited the development of Japan's 
securities markets. 
4 This is a joint venture including Fitich IBCA, a leading global rating agency. 
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competitive bidding and risk valuations to the domestic market to determine real 
prices. Prices that fully reflect risk are a critical information component missing 
from the Chinese market at present and the longer prices remain distorted, the 
greater the potential for asset bubbles. These firms will help facilitate financial 
services technology and skill transfers and create future distribution links to 
foreign client markets for future placement of Chinese securities. Fears that 
allowing domestic banks to compete directly in deposit-taking activity will lead to 
the immediate collapse of Chinese firms should not materialise as historical 
examples in Japan and Latin America demonstrate. The develop1nent of an 
advanced domestic capital market necessary to finance future government 
spending and assist in the recapitalisation of the state sector will take considerably 
longer in isolation. 
8. Delay capital account convertibility until both the bond and equity markets 
trade in a collectively efficient manner, that is, until the efficient market 
hypothesis is broadly satisfied. Until internationally and domestically listed 
Chinese government bond and equities trade collectively efficiently, full capital 
account convertibility risks allowing initial capital to flow into an inefficient 
domestic Chinese market and thus exacerbate price disequilibria. This would 
direct capital to low efficiency uses. 
While the challenges of future refonn remain great, few countries have moved so far in 
the development of tradeable securities markets in such a short period as China. 
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Hopefully the issues raised in this thesis can be of use in continuing to build and reform 
what will be, alongside the United States and the Euro block, one of the world's three 
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Appendix 1: Modeling the Term 
Structure of Interest Rates 
Another example of yield curve modeling is the following non-linear model outlined in 
Brailsford and Heaney (1998): 
y(t1 ) = (a 1 + a 2 t1 )exp(- ai1 )+ a 4 
where: 
a1, a2, a3, a4 = estimated parameters unique to each yield curve, 
9 = time to maturity of the zero coupon security, 
exp() = exponential function 
y(t;) = nominal yield per annum 
As outlined by Brailsford and Heaney (1998), results for this model are very similar to 
the spline smoothing model used in Chapter 4 and, therefore, the above model is not used 
in the empirical sections of this thesis. 
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Appendix 2: Definition of Akaike 
Criterion 
The Akaike criterion followed in this research is defined by the following equation as 
used in Microfit 4.0 where the best model has the maximum Akaike value: 
AIC1 =-~(I+ log2n)-~(1ogo--2 )- p 2 2 
where p = the number of freely estimated parameters, n = the sample size, and o- -2 is the 
maximum likelihood estimate of o- 2 . 
[-; (1 + log2n-}-; loga-2 l is equivalent to the log-likelihood function, LLoLs- An 
equivalent Akaike criterion is also used in much of the literature that gives a minimum 
value for the best model and, although the ordering of equations will be identical under 
both methods, it is important to distinguish which form this research uses. 
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Appendix 3: Cointegration Modeling 
This appendix outlines the general form of both the residuals based and Johansen 
approaches of cointegration testing and closely follows the notation and theoretical 
outline by Pesaran and Pesaran (1996). 
Residuals Based Approach 
In the residuals based method when testing for cointegrating relationship between Yr and 
Xr, ADF(p) statistics are computed as the t-ratios of the estimated coefficient of R(-1) in 
the following OLS regression: 
p 
M = -AR(-1) + LcSiR(-i) + & 
i=I (A.I) 
for p = 0,1, .... , P, where R represents the residual of the OLS regression of Yr on an 
intercept and Xt, and iJR = R -R(-1). 
Johansen's Approach 
However, when there are more than two 1(1) variables under consideration the residuals 
based cointegration tests are inefficient and can lead to contradictory results. In this case, 
the cointegrated system can be estimated using a maximum likelihood approach proposed 
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by Johansen ( 1988). 1 This method tests for cointegration in the context of vector 
autoregression error correction models (VECM). 
To understand the cointegration testing used in this thesis, it is necessary to provide a 
formal definition of the appropriate models. This again will use notations as in Pesaran 
and Pesaran (1996). First, expressing the data in a vector autoregressive model, the error 
correction form is as follows: 
p -1 




• Zt = (y 't, x 'J ', Yt is an my x 1 vector of jointly determined endogenous variables, 
• Xt is an mx x 1 vector of exogenous 1(1) variables 
p-1 
fu, = aOx +Lr ix ~t- i + \fix w, +v ,, t = 1,1, ... , n 
i= l (A.3) 
• Wt is the q x J _ vector of exogenous deterministic I (0) variables, excluding the 
intercepts and/ or trends 
• the disturbance vectors satisfy the following assumptions: 
u, = (::J- iid (o, L) 
where I: is a symmetric positive-definite matrix 
• the disturbances in the combined model, Ut, are distributed independently of W t. 
1 This is argued and outlined by Pesaran and Pesaran (1996). 
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The intercept and the trend coefficients, aoy and a1y, are my x 1 vectors; IIy is the long-run 
multiplier matrix of order my x m, where m = mx + my,· I';y, I'2y, ... , I'p-J,y are my x m 
coefficient matrices capturing the short-run dynamic effects; and 'Py is the 
my x q matrix of coefficients on the 1 (0) exogenous variables. 
To test for cointegration, equation (A.2) is estimated when the rank of the long-run 
multiplier matrix II could at most be equal to my. Thus, rank deficiency of II can be 
represented as 
Hr: Rank (IIy) = r < my 
In this case we can write: 
IIy = ay/3' 
Where ay and /J are my x rand m x r matrices, each with full column rank, r. in the case 
where Ily is rank deficient, we have y 1 ,__, 1(1), ily1 ,__, 1(0), and /3 'z1 ,__, 1(0). The 
r x 1 trend-stationary relationship, /J 'z1 are referred to as the cointegrating relations, and 
characterise the long-run equilibrium of the VECM. 
Maximum likelihood estimation is employed to find the cointegrating vectors. 
Suppose then observations z 1, z2 , ... , Zn and w 1, w 2, ... ,wn are available on the variables Zt 
= (y ',, x 'J and Wr. Then the VECM becomes 
~y = rna~y + tna; y - Z _I TI ~, +~pr;, + WP;, + E (A.4) 
where 
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~y =(~Yi, ~Y2 , ... , ~y,J' 
E = (5 1 , 5 2,···, 5 n)' 
T
11 
= (1,1, ... ,1)' 
t n = (1,2, ... , n )' 
ry = cr1y,r2y, ... ,rp-l,y) 
~z p = ( ~z _, , ~z _ 2 , ... , ~z 1 _ p _) 
~Z-; = (&1_;,& 2_;,···,&n-J', i = 1,2, ... ,p-l 
The log-likelihood function of equation (A.4) is given by 
-nm n J J 1 1 ln(rp,r)= ,.. ylog2n- 2 Ly - 2Tr(L~E'E) (A.5) 
where rp stands for the vector of the unknown parameters of the model, and r is the 
assumed rank of fly. Writing fly = ay/3' and maximising the log-likelihood function with 
respect to the elements of Iy, a0y, a1y, I';,y, i = 1, 2, ... ,p-1, ay, and 'Py, we have the 
following concentrated log-likelihood function: 
1: (/3, r) = - nmY (l + log 2n)-!.::. log/f (/3)/ 2 2 y 
where 
I~ y uni = Is 0011,B' AJ3I 
I/J'Bn/JI 
An = SI I - S10S~~ SOI, and Bn = s,1 
11 






rot and r1r fort= 1, 2, ... ,n are the residual vectors obtainable from the following 
regressions where five different cases must be considered depending on the nature of the 
time series. 
Case 1: (a0y = a1y = 0) 
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rot is the residual vector from the OLS regressions 
of Liy, on (L'.1.zt-1, L'.1.zt-2, ... , L'.1.zt-p+l, wJ, and 
r1t is the residual vector from the OLS regressions 
of Zt-1 on (L'.1.zt-1, L'.1.zt-2, ... , L'.1.zt-p+l, wJ 
Case 2: (a0y = 0, a1y = Ilyµy) 
r0 t is the residual vector from the OLS regressions 
of Liyt on (L'.1.zt-1, L'.1.zt-2, ... , L'.1.zt-p+l, wJ, and 
r1t is the residual vector from the OLS regressions 
of ( 
1 J on ( L'.1.zt-1, L'.1.zt-2, ... , L'.1.zt-p+ 1, wJ 
z,-1 
Case 3: (a0y = 0, a1y ;r= 0) 
rot is the residual vector from the OLS regressions 
of Liyt on (1, L'.1.zt-1, L'.1.zt-2, ... , L'.1.z1-p+1, w1), and 
r1t is the residual vector from the OLS regressions 
of Zt-1 on ( 1, L'.1.zt-1, L'.1.zt-2, ... , L'.1.zt-p+ 1, wt) 
Case 4: (a0y ;r= 0, a1y = IlyYy) 
r ot is the residual vector from the OLS regressions 
of Liyt on (1, L'.1.z,_1, L'.1.zt-2, ... , L'.1.z1-p+1, w,), and 
r1t is the residual vector from the OLS regressions 
of ( t J on (1, L'.1.zt-I, L'.1.z,_2, ... , L'.1.zt-p+l, wt) 
z,-1 
Case 5: (a 0y ;r= 0, a1y ;r= 0) 
ro, is the residual vector from the OLS regressions 
\ 
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of L1y1 on (1, t, L1z1-1, L1z1-2, ... , L1zt-p+J, wr), and 
r11 is the residual vector from the OLS regressions 
of Zt-1 on(], t, L1zt-l, L1zt-2, ... , L1zt-p+l, Wt) 
Substituting equations (A. 7) into equation (A.6) yields 
-nm n n { } z: (/J, r) = ,.. Y (1 + log 21r) - 2 log!S00 1-2 logl/J' An/JI- logl/J' Bn/JI (A.10) 
The dimension of /J depends on whether the intercept, a0y, and/ or the trend coefficients, 
a1y, are restricted or not. The unconstrained maximisation of log-likelihood function will 
not lead to unique estimates of /J. 
To test the appropriate hypothesis about the rank of the cointegrating vector(s) two tests 
are employed. In the first test, the maximum Eigenvalue statistic defined as follows. 
Suppose the null hypothesis of r cointegrating relations 
Hr : Rank ( fly) = r 
Against the alternative: Hr+ 1 : Rank ( fly) = r + I, 
r = 0, I, 2, ... , my-1, in the VECM (1). The appropriate test statistic is given by the log-
likelihood ratio statistic 
" LR(Hr I Hr+I) = -n log(l - Ar+l) (A.11) 
where Ar is the rth largest Eigenvalue of S~~ S 01 S 1~ 1 S 10 and the matrices Soo, S01, and S11 
are defined by equation (A.9). 
In the second test, the trace statistic is formally defined as follows. Suppose the null 
hypothesis is: 
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Hmy: Rank ( fly) = my 
against the alternative hypothesis of trend-stationarity for r = 0, 1, 2, ... , my- 1. The log-
likelihood ratio statistic for this test is given by 
m y 
LR(H,. I Hm_,,) = -n L log(l - ir+l) (A.12) 
i=r+l 
where i,.+1, i,.+, , ... , i 111)' are the largest Eigenvalues of S~0
1 S01 S,~' S10 , where the matrices 
Sao, Soi, and S11 are defined by equation (A.9). 
The critical values for the maximum Eigenvalue and the trace statistics defined by 
equation (A.11) and equation (A.12), respectively, depend on my - r, mx, that is, whether 
the VECM (1) contains intercept and/or trends, and whether these are restricted, i.e. 
which one of five cases above is applicable. 
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